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(54) CnOCOB nPMEMA H flOMCKA CUfHAJlA, l~l EP Efl AB AE M O fO flAKETAMU 



(57) 

HHTerparibHbiM noncKOBbiM npoL^eccop, 
ncnonb3yeMbiM b MOfleivie atia cucieivibi cbs3m c 
pacLunpeHHbiM cneiapoM, 6ycjDepi/i3npyeT b 
6y<pepe Bbi6opKi/i npMHMMaeMbix CMmanoB n 
ncnonb3yeT npoL^eccop npeo6pa30BaHMfl c 

KBaHTOBaHMeM BpSMeHM, pa^OTaiOLUMM c 

nocneflOBaTenbHbiMM cflBMraMM no OTHomeHMfo 
k 6yc£epy. noncKOBbiM npoi_\eccop 
ocymecTBrifleT nowaroBbiM aBTOHOMHbiM noncK, 
KOHcjDnrypupyeMbiM MWKponpoi^eccopoM, b 
kotopom onpefleneH Ha6op napaivieTpoB nowcKa, 
KOTopbM MO>KeT BKJifOHaTb rpynny ameHH arm 
noncKa, HanaribHbiM cabut m mnpuHy noncKOBoro 
OKHa Arm npoBeAeHME noncKa m KoriMMecTBO 
CMMBonoB YoriLua Ana HaKonneHi/m pe3yribTaTOB 
Ha Ka>KflOM CABure. noncKOBbiM npoi^eccop 
BbNMcri^eT SHeprwfo Koppenfli4i/ii/i Ha Ka>KAOM 
cflBMre m npeACTaBfiaeT moroBbiM cnncoK 



HamiyHLiiMX Tpacc pacnpocTpaHeHna ckimanoB, 
o6Hapy>KeHHbix b npoL^ecce noncKa, aha 
Mcnorib30BaHMfl mx npM pacujupeHMM aneivieHTOB 
AeMOAynfiUUM, «-ito flBrmeTca TexHMMecKMM 
pe3ynbTaTOM. IIoi/ick BbinonHaeTcm ni/iHewHbiM 

06pa30M He3aBMCMMO OT BepOflTHOCTM Toro, ^TO 

MCKOMbiM curHan nepeAaBancfl b jihdo'om AsiHHbiM 
MOMeHT BpeMeHM. 2 c.n. dp-r\b\, 15 nn. 
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(54) METHOD FOR RECEPTION AND SEARCH OF PACKET- SWITCHED SIGNAL 



(57) Abstract: 

FIELD: communication equipment. 
SUBSTANCE: integral search processor, which 
is used in modem of extended spectrum 
communication system, provides buffering of 
samples of received signals in buffer and 
uses conversion processor, which uses time 
sampling and operates in sequential steps 
with respect to buffer. Search processor 
achieves step-by-step autonomous search, 
which is configured by microprocessor, which 
defines set of search parameters, including 
group of antennas for search, initial shift 
and search window width, as well as number 
of Walsh characters for accumulation of 
results for each shift. Search processor 
calculates correlation power for each shift 
and produces final list of best possible 



signal spreading tracks, which are detected 
upon search, in order to use them for 
extension of demodulation elements. Search 
is linear and independent from probability 
of the fact that target signal was sent in 
any arbitrary time moment. EFFECT: increased 
functional capabilities. 2 cl, 15 dwg 
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OonacTb TexHMKH 

HacTOfimee M3o6peTeHne othocmtca k 
CUCTeMaM CBA3M c pacLiinpeHHbiM cneKTpoM, 
Sonee KOHKpeTHO k o6pa6oTKe CMmana b 
cotobom Terecj^oHHOii cucieivie cb?13m. 
OnucaHwe H3BecTHoro ypoBHfl TexHMKM 
B paAMOTenecjDOHHbix cwcTeMax CBA3W, TaKMX 
KaK coTOBbie TenecjDOHHbie cucTeMbi, cucTeMbi 
nepcoHaiibHOM cbji3m, m noKanbHbie 3aMKHyTbie 
cucTeMbi paflnocB?i3M, MHorwe nojib30BaTenn 
ocymecTBrflioT CBfl3b no paA^OKaHany Ana 
noAcoeAHHeHMfl k npoBOflHbiM TeneqooHHbiM 
cucTeMaM. CB33b no paflMOKaHary MoweT 6biTb 

OAHMM H3 MHOKeCTBa MeTOflOB MHO>KeCTBeHHOrO 

AOCTyna, ooecneHMBaioLAHX B03MO>KHOCTb 
oonbLUOMy nwcny aooHeHTOB Mcnonb30BaTb 
orpaHMHeHHbiM nacTOTHbiM cneKTp. 3tm MeTOAbi 
MHO>KecTBeHHoro AOCTyna BKntoHajoT 

MH0>KeCTB9HHblCl AOCTyn C BpGM6HHblM 

pa3AeneHneM /MflBP/ KaHanoB, MHOKecTBeHHbifi 
AOCTyn c nacTOTHbiM pa3AeneHneM /MflMP/ v\ 

MHO>KeCTBeHHblM AOCTyn C KOAOBbIM 

pa3AeneHneM /MflKP/. MeTOA MflKP MMeeT 
MHOwecTBO npenMymecTB, npuneivi TunoBaa 
CMCTeMa c MflKP pacKpbiTa b naTeHTe CLUA N 
4901307, ot 13 ieBpan* 1990 Ha "CucTeMy 
CBA3M MHOKecTBeHHoro AOCTyna c 
pacLunpeHHbiM cneKTpoM, wcnonb3yioLLryK0 
cnyTHMKOBbie hjim Ha3eMHbie peTpaHcnETopbi", 
nepeycTynreHHOM npaBonpeeMHi/iKy 
HacTOflLnero H3o6peTei-Mfl. 

B ynoMflHyTOM naTeHTe pacKpbiT cnocoo" 
MHO>KecTBeHHoro AOCTyna, b kotopom oonbLuoe 
KonnMecTBO MoSnribHbix nonb30BaTeneti 
TenecjxDHHOM cucTeMbi, Ka>KAbi m M3 kotophx 
MMeeT npneMonepeAaT^MK, ocyLnecTBrmioT 
CB^3b nepe3 cnyTHUKOBbie peTpaHcnaTopbi mtim 
Ha3eMHbie 6a30Bbie CTaHi^nn c ncnonb30BaHneM 
curHanoB cbh3m b pe>KMMe MflKP c 
pacLunpeHHbiM cneKTpoM. npn ocy mecTBneH n m 
CBA3M b pe>KMMe MflKP nacTOTHbiM cneKTp 

MO>KeT HCnOJlb30BaTbCfl MHOrOKpaTHO, HTO 

no3Bori^eT yBerinHHTb nponycKHyio cnocoo"HOCTb 
cucTeMbi ati5=i nonb30BaTerieM. 

Cnoco6bi MOAyTifmi/ii/i MflKP, pacKpbiTbie b 
naTeHTe CLUA N 4901307, MMeiOT MHO>KecTBO 
npenMymecTB no cpaBHeHnio co cnocobaMU 
y3KononocHoi?i MOAynflL^nn, npuMeHaeivibiMM b 
cucTeiviax CB33M, Mcnorib3y[OLAMX cnyTHMKOBbie m 
Ha3eMHbie KaHaribi. B Ha3eMHbix KaHanax 
B03HMKaioT cnei^HcjDMHecKHe TpeGoBaHMa k 

CUCTeMe CBH3M, B HaCTHOCTM, no OTHOLLieHMIO K 

MHorony«-ieBbiM ci/imanaM. npuMeHeHne 
cnocoooB MflKP no3BonseT pewHTb 
cneLii/iqoMHecKMe npooneMbi, CBfl3aHHbie c 
ncnonb30BaHneM Ha3eMHoro KaHaria, nyTeM 
npeoAorieHMfl OTp^aTenbHoro bjimahm?! 
MHoronyneBoro pacnpocTpaHeHna HanpuMep, 
3aMMpaHM?i, He Tepafl b to >Ke BpeMfl mx 
npenMymecTB. 

Cnocoo" MflKP, pacKpbiTbie b naTeHTe CLUA 
N 4901307, npeAyciviaTpwBaeT ncnonb30BaHne 
KorepeHTHOM Monynn^m n AeMOAynflL^M a/ia 
o6omx HanpaBJieHMM timhum cb^3m npn 
ocymecTBfieHMM cba3m Me>KAy yAa^eHHbiM 

yCTpOMCTBOM paAHOCB^3M M CnyTHMKOM. B HeM 

cooTBeTCTBeHHO pacKpbiBaeTCfl Mcnojib30BaHne 
HecyLAero nunoT-curHana b KanecTBe 
KorepeHTHoro cf)a30Boro onopHoro curHana Ana 

ni/lHMM CBF13M "cnyTHMK-yAaiieHHOe yCTpOMCTBO 
paAMOCBS3M" M J1MHMM CBA3M "6a30Bafl 

CTaHL^Mfl-yAarieHHoe ycTpoMCTBO paAMOCBJi3M". 
OflHaKO b Ha3eMHOM oSopyAOBaHMM COTOBOM 
CBA3I/I Hann^ne BecbMa cunbHoro 
MHoronyMeBoro 3aTyxaHi/m, npuBOA^mero k 
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MCKa>KeHMK) cf)a3bi KaHanoM, a TaioKe ypoBeHb 
molahoctm, Heo6xoAHMbiM fljis nepeAaHM 
HecyLAero nnfioT-curHana ot yAaneHHoro 
ycTpoMCTBa paAMOCB?i3M, 3aTpyAHaeT 
Mcnorib30BaHMe cnoco6a KorepeHTHOM 
MOAy-nfli_|MM Anfl jimhmm cbfi3m "yAa-neHHoe 
ycTpoMCTBO paAMOCBfl3i/i-6a30Bafl CTaHL^Mfl". B 
naTeHTe CLUA N 5103549 Ha "CucTeiwy m 

cnocoo" CjDOpMUpOBaHMFI CMmaTlOB B COTOBOM 

TenecjDOHHOM CMCTeMe MflKP" ot 25 MJOHfl 1990 
rofla , nepeycTy nneH hom n paBon peeM h m Ky 
HacTOflLAero M3o6peTeHMfl, npeAnaraeTca 
cpeACTBO AJ~ifl npeoAoneHnyi OTpuL^aTenbHoro 
BHM51HM51 MHororyneBoro pacnpocTpaHeHU^ b 
KaHane cb?13h "yflaneHHoe ycTpoficTBO 

paAMOCBfl3M-6a30Bafl CTaHLIMfl" c 

Mcnorib30BaHneM cnocoSoB HeKorepeHTHOM 
MOAyn?mMM m AeMOAynfli-^MM. 

B cotobom TenecjDOHHOM CUCTeMe c MflKP 
OAHa m Ta >Ke nonoca nacTOT MO>KeT GbiTb 

MCnOJlb30BaHa CBfl3W CO BCeMM 6a30BblMM 

CTaHL^HflMM. B npneMHMKe 6a30BOM CTaHL^MM 

pa3AeriJieMbie ci/imaribi MHoronyneBoro 
pacnpocTpaHeHMfl, Hanpniviep, npocTynafOLAne 
no Tpacce ot aGoHeHTCKoro nyHKTa n no Apyrow 
Tpacce nocne OTpawew-ifl ot 3AaHH^, MoryT 6biTb 
o6""beAHHeHbi npM o6pa6oTKe c pa3HeceHneM 
Ana ynyHLiieHMfl xapaKTepucTMK MOAeiwa. 
CBOMCTBa CMrHaroB MflKP, oGecne^MBaioLAMe 
Bbinrpbiuj npn oSpaSoTKe, TaioKe ncnorib3yjoTCfi 
Ana pa3JiHHeHMfi cunnanoB, 3aHi/iMaK)LAHx oamh m 
tot >xe nacTOTHbiM Anana30H. Kpoivie Toro 
BbicoKocKopocTHaa nceBAoujyMOBafl MOAyriai^Mfl 
BcerAa oGecnenMBaeT B03MO>KHOCTb 
pa3AerieHM?i pa3JiM4Hbix Tpacc 
pacnpocTpaHeHna OAHoro m Toro >Ke cumaria, 
npM ycrioBMM, ecriM pasHMi^a b 3aAep>KKax no 
TpaccaM pacnpocTpaHeHna npeBbiujaeT 
AnnTeribHOCTb aneivieHTa nceBAOujyMOBoro 
KOAa. Ecnn b cucTeiwe c MflKP ncnorib3yeTca 
nacTOTa cjieAOBaHMfl aneivieHTOB 
nceBAOiuyMOBoro KOAa nop^AKa 1 MTi^, to 
BbinrpbiLU npn o6pa6oTKe curHana 
pacujupeHHoro cneKTpa, paBHbm OTHOiueHMK) 
pacmnpeHHOM nonocbi k nacTOTe a^hhux b 
cucTeMe, MO>KeT 6biTb nonyneH Ana Bcex Tpacc 
pacnpocTpaHeHns, MMefomux 3aflep>KKM, 
OTJiMHaHDinnec?! 6ojiee HeM Ha OAHy 
m m KpoceKy HAy - Pa3HMi4a b 3aflep>KKax Ha Tpacce 
pacnpocTpaHeHi/ia b OAHy m m KpoceKy HAy 

COOTBeTCTByeT pa3HML^e B paCCTOflHl/lflX 

npuMepHO 300 MeTpoB. OGbNHO ropoACKaa 
cpeAa o6ecneHMBaeT pa3HOCTb 3aAep>KeK no 
TpaccaM pacnpocTpaHeHMfi curHanoB, 
npeBbiLuafOLAyfo OAHy mm KpoceKy HAy. 

CBOMCTBa Ha3eMHoro KaHana, CBfl3aHHbie c 
MHorojiyneBbiM pacnpocTpaHeHneM, npuBOA^T k 
TOMy, hto b npneMHMK CMmaribi npuxofl^T no 
HecKoribKMM pa3iiMHHbiM TpaccaM 

pacnpocTpaHeHnq. Oahom M3 xapaKTepMCTMK 
KaHaria c MHoronyneBbiM pacnpocTpaHeHneM 
^BiiaeTCJi pa36poc no BpeMeHM, B03HMKafOLAMM b 
cm mane, nepeAaBaeMOM nepe3 TaKOM KaHari. 
HanpuMep, ecni/i no KaHany c MHoronyneBbiM 
pacnpocTpaHeHMeM nepeAaera HAearibHbiM 
MMnyribc, to npuHMMaeMbiM cumaji noaBnaeTca 
b BMAe nocfieAOBaTeribHOCTM MMnyiibcoB. 
flpyroM xapaKTepHOM oco6eHHOCTbio KaHana c 
MHoronyneBbiM pacnpocTpaHeHneM flBrmeTCfl 
to, hto Ka>KAafi Tpacca pacnpocTpaHeHna 
cumana MO>KeT AaBaTb pa3HbiM KoscjxjDMAkieHT 
3aTyxaHMfl. HanpuMep, ecru no KaHany c 
MHoronyneBbiM pacnpocTpaHeHneM nepeflaera 
MAean bH bi m mm nyn be, to Kax<AbiM m m nyn be 
npuHUMaeMOM MMnyribCHOM 
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nocrieflOBaTejibHOCTM oSbNHO MMeeT ypoBeHb, 
OTJiMHHbiM ot ypoBHfl ApyrMX npuHMMaeMbix 
MMnyiibcoB. Eu^e qahom xapaKTepHQM 
ocoSeHHocTbKD KaHana c MHorony-ieBbiM 
pacnpocTpaHeHMeM flBnaeTca to, hto Ka>KAafl 
Tpacca pacnpocTpaHeHna p,aer pa3Hyio cf)a3y 
CMmana. HanpMMep, ecnM no KaHany c 
MHoronyneBbiM pacnpocTpaHeHMeM nepeflaeics 
MAearibHbiM MMnynbc, to Ka>KflbiM nivinyjibc 
npuHMMaeMOM nocneAOBaTenbHOCTM o6bMHO 
MMeeT cjDa3y, otji m h a kj my kjca ot <£a3bi flpyrux 
npuHMMaeMbix MMnynbcoB. 

npn nepeflane no paflMOKaHary 
MHorony^eBoe pacnpocTpaHeHne B03HMKaeT 
onaroAapa OTpawem/ifo CMmana ot 
npenfiTCTBMM, oo"pa3yeMbix 3flaHHflMM, 
AepeBbflMH, aBTOMo6nri5iMM n riKDflbMM. B 
o6meM cnynae paflMOKaHan npeflCTaBJiseT 
coSom HecTaL^noHapHbiM KaHan c MHorony^eBbiM 
pacnpocTpaHeHMeM M3-3a OTHOCMTenbHoro 
nepeMemeHM^ o6"beKTOB, co3,qafOL^MX 
MHorofiyneBoe pacnpocTpaHeHne. HanpMMep, 
ecnn no HecTauwoHapHOMy KaHany c 
MHoronyneBbiM pacnpocTpaHeHMeM nepeflaeTca 
MAearibHbiM MMnynbc, to b npMHMMaeMOM 
nocneAOBaTeribHOCTM MMnyribcoB GyfleT 
M3MeHflTbCfl ero nonoweHMe bo BpeiweHM, 
3aTyxaHMe m c£a3a b cj^yHKi^MM BpeivieHM 
nepeflaHM MflearibHoro MMnynbca. 

MHoronyneBoe pacnpocTpaHeHMe mo>kgt 
Bbi3BaTb 3aMMpaHMe CMmana b KaHare. 
3aMMpaHM6 flBnaeTCfl pe3yribTaTOM 
xapaKTepMCTMK cjDa3MpoBaHMa KaHana c 
MHoronyneBbiM pacnpocTpaHeHMeM. 3aMMpaHMe 
noflBnaeTCH, KorAa BeKTOpbi MHO>KecTBa nyneM 
cyMMMpyioTCP He6naronpMPTHbiM o6pa30M, 
o6pa3ya b pe3ynbTaTe npMHMMaeMbiM CMTHan, 

MeHbLUMM, HeM nio60M OTflenbHO B3flTblM BeKTOp. 

HanpMMep, ecnM no KaHany c MHorony^eBbiM 
pacnpocTpaHeHMeM nepeAaeTca rapMOHMHecKMM 
CMTHan, xapaKTepM3yeMbiM AByMfl Tpacca mm 
pacnpocTpaHeHMfi, npMHeM nepBaa Tpacca 
MMeeT KOSCjDCjDMI^MeHT ocnaoneHMfl X aB, BpeMa 
3aflep>KKM o c c|Da30BbiM cabmtom e paAMaH, a 

BTOpafl TpaCCa MMeeT K03Cfx£ML|MeHT 

ocnaoneHMfl X aB, BpeMfl 3aAep>KKM e+71 c 

C)Da30BblM CABMTOM a paAM3H, TO Ha BblXOAe 

KaHana npwHHTbM CMman 6yAeT OTcyTCTBOBaTb. 

B cMCTeMax y3KononocHOM MOAynfli^MM, 
TaKMx KaK aHanoroBaa nacTOTHafi MOAyJif^M^, 
Mcnonb3yeMafl b M3BecTHbix paAMOTenecjDOHHbix 
CMCTeMax, HanMHMe MHoronyneBoro 
pacnpocTpaHeHMfl b paAMOKaHane npMBOAMT k 
cymecTBeHHOMy MHoronyneBOMy 3aMMpaHMio. 
OAHaKO, KaK obino OTMeneHO Bbime b cnynae 
LUMpoKononocHOM CMCTeMbi MflKP, b npou,ecce 
AeMOAynsL4MM mop/t 6biTb BbiAeneHbi pa3Hbie 
Tpaccbi pacnpocTpaHeHMe. TaKoe pa3AeneHMe 
He TonbKO 3H3HMTenbHO yMeHbLuaeT 
OTpMuaTenbHoe B03AeMCTBMe 3aMMpaHMfi, ho m 
AaeT npeMMymecTBa, CBS3aHHbie c 
Mcnonb30BaHMeM CMCTeMbi MflKP. 

Pa3HeceHMe - oamh M3 cnocoooB 

yMeHbLLieHMfl OTpMU,aTenbHblX BnMflHMM 

3aMMpaHM3. CneAOBaTenbHO, >KenaTenbHO 
oGecneHMTb HeKOTopyio cfcopMy pa3HeceHMfl, hto 
no3BonMT yMeHbUJMTb 3aMMpaHMe b CMCTeMe. 
CyLi^ecTByioT TpM ocHOBHbix BMAa pa3HeceHMfl: 
BpeMeHHoe pa3HeceHMe, nacTOTHoe pa3HeceHne 
m npocTpaHCTBeHHoe pa3HeceHMe MnM 
pa3HeceHMe no Tpacce pacnpocTpaHeHMfi. 

BpeMeHHoe pa3HeceHMe o6ecneHMBaeTca c 
Mcnonb30BaHMeM noBTopeHME BpeMeHHoro 
nepeMe>KeHM?i m KOAMpoBaHMfl c oo"Hapy>KeHMeM 
m McnpaBneHMeM oljjm6ok, KOTopoe bboamt 
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M36biT0HH0CTb. B CMCTeMe, Mcnonb3yioLAeM 
HacTOHLnee M3o6peTeHMe, mo>kho npMMeH5RTb 

HK)60M M3 3TMX CnOC060B B KaHeCTBe CjDOpMbl 

BpeMeHHoro pa3HeceHM?i. 

MflKP c npMcyLU,eM A^HHOMy Me to Ay 
LJJMpoKononocHOCTbio o6ecneHMBaeT HeKOTopyio 
c|DopMy nacTOTHoro pa3HeceHMfl nyTeM 
pacnpeAeneHMq 3HeprMM CMmana b ljjmpokom 
nonoce pa6oHMX nacTOT. nosTOMy 
HacTOTHo-M36MpaTenbHoe 3aMMpaHne 
npoflBnaeTca TonbKO Ha HeoonbwoM nacTM 
nonocbi paGoHMX nacTOT CMmana MflKP. 

npocTpaHCTBeHHoe pa3HeceHMe m 
pa3HeceHMe no Tpacce pacnpocTpaHeHMe 
o6ecneHMBaeTC5i nocpeACTBOM noAaHM CMmana 
c MHoronyneBbiM pacnpocTpaHeHMeM 

OAHOBpeMeHHO no HeCKOnbKMM nMHMSM CBA3M OT 

yAaneHHoro ycTpoMCTBa paAMOCB?i3M nepe3 ABe 
MnM 6onee 6a30Bbie CTaHi^MM m nyTeM 
Mcnonb30BaHMfl AByx MnM 6onee 
npocTpaHCTBeHHO pa3HeceHHbix aHTeHHbix 
sneMeHTOB Ha oahom 6a30B0M CTaHi^MM. KpoMe 
Toro pa3HeceHMe no TpaccaM pacnpocTpaHeHMe 
MO>KeT 6biTb nonyneHO nyTeM Mcnonb30BaHMfl 
cpeAbi MHoronyneBoro pacnpocTpaHeHMe 
nocpeACTBOM o^paGoTKM pacniMpeHHoro 
cneKTpa, hto no3BonaeT ocyLAecTBnaTb npMeM m 
pa3AenbHyra o6pa6oTKy curHana, nocTynaramero 
c pa3nMHHbiMM 3aAep>KKaMM pacnpocTpaHeHMe, 
KaK^bino onMcaHO Bbinie. npMMepbi pa3HeceHM^ 
no TpaccaM pacnpocTpaHeHMfl npMBeAeHbi b 
naTeHTe CLUA N 5101501 Ha 
'TIporpaMMMpyeMoe nepeKnioneHMe cba3m b 
cotobom TenecjDOHHOM CMCTeMe MflKP" ot 21 
MapTa 1992 rofla v\ naTeHTe CLUA N 5109390 Ha 
'TIpMeMHMK pa3HeceHHoro npMeMa b cotobom 
TenecjDOHHOM CMCTeMe MflKP" ot 8 OKTflo"p?i 
1991 , nepeycTynneHHbix npaBonpeeMHMKy 
HacroflLnero M3o6peTeHMfl. 

OTpMi^aTenbHoe BnMfiHMe 3aMMpaHM^ MO>KeT 
6biTb ao HeKOTopoM CTeneHM CKOMneHCMpoBaHO 
b CMCTeMe c MflKP nocpeACTBOM 
perynMpoBaHM^ molahoctm nepeAaTHMKa. 
CMCTeMa ati?i ynpaBneHMfl Mou^HOCTbK) 6a30BOM 
cTaHi^MM m yAaneHHoro MOAyn?i pacKpbiTa b 
naTeHTe CLUA N 5056109 Ha "Cnocoo" m 
ycTpoMCTBO Ans ynpaBneHMa nepeAaBaeMOM 

MOLUHOCTbHD B COTOBOM MO^MnbHOM TenecjDOHHQM 

CMCTeMe MflKP" ot 8 OKT^Gp^ 1991 roAa, 
nepeycTynneHHOM npaBonpeeMHMKy 
HacTOfiLnero M3o6peTeHMfl. 

CnocoG MflKP, pacKpbiTbiM b naTeHTe CLUA 
N 4901307, npeAycMaTpMBaeT Mcnonb30BaHMe 

OTHOCMTenbHO AnMHHblX nceBAOO>KM>KeHHblX 

nocneAOBaTenbHOCTeM /riLUn/, npMHeM 
nonb30BaTenio Ka>KAoro yAaneHHoro ycTpoMCTBa 
paAMOCBfi3M BbiAen^eTCfl cboa, OTnMHHaa ot 
ApyrMx nLUn. B3aMMHa5i Koppenflu^fl Me>KAy 
pa3nMHHbiMM nLU n m aBTOKoppenflUMfl nwn Ana 
Bcex BpeMeHHbix cabmtob, OTnMHHbix ot Hyn^, 
MMeK)T cpeAHee 3HaneHMe, 6nM3Koe k Hynw, hto 
no3BonqeT pa3nMHaTb CMmanbi pa3nMHHbix 
nonb30BaTeneM npM npMeMe. (flna nonyneHMfl 
HyneBoro cpeAHero 3HaneHMJi ppn 
aBTOKoppenflL4MM m b33mmhom Koppenf^MM, 
Tpe6yeTcq, HTo6bi norMHecKMM "0" npMH^n 
3HaneHMe "1", a norMHecKaa "1" npMH^na 
3HaneHMe "-1" mhm Ha MexoAHoe OTo6pa>KeHMe 
norMHecKMX ypoBHeM). 

OAHaKO TaKMe nceBAOLijyMOBbie CMrHanbi He 
opToroHanbHbi. Xota B3aMMHaa Koppen^L^Mfl no 
cymecTBy MMeeT HyneBoe cpeAHee 3HaneHMe Ha 
BceM AnMHe nocneAOBaTenbHOCTM, OAHaKO b 
TeneHMe KopoTKoro BpeMeHHoro MHTepBana, 

TaKOrO KaK BpeMfl MHCjDOpMai^MOHHOrO 6mt3, 
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B3aMMHaa Koppenfli4Mfl mnnejcn cny^aMHOM 
nepeivieHHOM c 6nH0MnaribHbiM 

pacnpeAeneHweM. I~lpn qtom CMmanbi 
B3anMOfleMCTByjoT Apyr c flpyroiw b ochobhom 
T3KMM >Ke 06pa30M, KaK ecxiM 6~bl OHM 
npeACTaBfiJiriM cooom LUMpoKononocHbM niyM c 
rayccoBbiM pacnpefleneHMeM c tom >Ke caMOM" 
cneKTpanbHOM nnoTHOCTbfo molahoctm. TaKMM 
o6pa30M, curHaribi flpyrux nonb30BaTeneM mjim 

LUyM OT B3aMMHblX nOMeX B KOHeHHOM CMeTe 

orpaHMHMBaioT AOdnraeiviyK) nponycKHyro 
cnoco6HOCTb. 

CneL^nanncTaM xoponjo M3BecTHO, hto 
mo>kho ccjDopMnpoBaTb Ha6op M3 n 

OpTOrOHaJIbHblX flBOMHHblX 

nocjieAOBaTejibHOCTeM, Ka>KAafl aj™hom n, fipn 
n, flBJiflioii^erocfl n\o6oti deneHbfo 2 (cm. Digital 
Communications with Space Applications, S.W. 
Golomb et el. , Prentice-Hall, Inc., 
p.45-64). B npMHU,nne Taioxe W3BecTHbi HaGopbi 
opToroHanbHbix 6nHapHbix 
nocneAOBaTejibHOCTefi Ana GoribLUUHCTBa a^h, 
KOTopbie Kpambi neTbipeivi m MeHbiue AsyxcoT. 
Oamh Knacc TaKnx nocneAOBaienbHOCTeM, 
KOTopbie rierKO reHepupoBaTb, Ha3biBaeTCfl 

CjDyHKL^HeM yOflLLia, H3BeCTHOfi T3K >Ke, KaK 

MaTpni4a AAaMapa. 

cpyHKi^Mfl YonLua n-ro nopHAKa MoweT GbiTb 
onpefleneHa peKypcMBHO cneAyfOLAMM o6pa30M: 

I WCn/Z) , H(n/Z) 1 



Wtn) 



HCvi/ZJ , W Cyi/ZJ 



rAe W o6"o3HaHaeT norvmecKoe AonormeHi/ie 
W, aW(1)= |0|. 
TaKMM o6pa30M, 
lo , o I 



w<z> 



H<4> 



W<8> = 



0,0,0,0 
0,1,0,1 
0,0,1,1 
0,1,1,0 



0,0,0,0,0,0,0,0 
0,1,0,1,0,1,0,1 
0,0,1,1,0,0,1,1 
0,1,1,0,0,1,1,0 
0,0,0,0,1,1,1,1 
0,1,0,1,0,1,0,1 
0,0,1,1,1,1,0,0 
0,1,1,0,1,0,0,1 
OAHOM M3 CTpOK MaTpMU,bl CjDyHKU,MM YOJlLUa 

EBrmeTca cmmboji, nocneAOBaTenbHOCTb urin 
koa yoriLua. MaTpni^a cj3yHKU,MM YoriLua n-ro 
nop^AKa coAep>KMT n nocneAOBaTenbHOCTeM, 
Ka>KAafl M3 KOTopbix MMeeT An^Hy n sneMeHTOB 
yoriLua. Ka>KAbiM koa yomiia niweeT 

COOTBeTCTByiOLAMM MHAeKC yOflLLia, TAe MHAeKC 
yoriLua OTHOCMTCH K MMCJiy /OT 1 ao n/, 
COOTBeTCTByiOLAeMy CTpOKe, B KOTOpOM 

HaxoAMTca koa yoriLua. HanpuMep, A^fl 
npHBeAeHHOM BbiLue MaTpnu,bi c^h^hm Yonwa c 
Bee HyneBbie ctpokm cooTBeTCTByioT 



n=8 

MHAeKcy YoriLua 1, a koa yonwa 
0,0,0,0,1,1,1,1, cooTBeTCTByeT MHAeKcy yonwa 
5. 

MaTpi/iua cjDyHKU.MM yonwa n-ro nopflAKa (a 
TahOKe Bee APyrne opToroHa/ibHbie cjDyHKU,MM 
Ahmhom n) oonaAaioT cbomctbom, coctoalamm b 
tom, hto Ha MHTepBarie n 6mt B3aMMHaa 
Koppenfli4Mfl Me>KAy BceMM Hecxo>KMMM 
nocneAOBaTeribHOCTflMM BHyTpn Ha6opa paBHa 
HyriK). 9to BbneKaeT H3 Toro, hto Ka>KAafl 
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nocrieAOBaTeribHOCTb OTfinHaeTCfl ot jik)6om 
ApyroM nocreAOBaTeribHoc™ pobho nonoBMHOM 
cbomx 6mt. CneAyeT TaioKe OTMeTHTb, hto 
BcerAa cywecTByeT OAHa nocrieAOBaTenbHOCTb, 
C0Aep>Kau4afl Bee Hynn, n hto Bee Apyrne 
nocrieAOBaTenbHOCTM C0Aep>KaT nonoBMHy 
eAM h n 14 m nonoBMHy HyneM. Cmmboji yonuja, 
KOTOpbIM coctomt M3 Bcex JiornHecKnx HyjieM 
BMecTO norioBUHbi M3 HyneM m nonoBUHbi H3 
eAMHML^, Ha3biBaeTCfi HyneBbiM cmmbojiom 
yoriLua. 

B KaHane o6paTHOM jimhmm cbh3m ot 
yAaneHHoro ycTpoficTBa paAMOCB33M k Ga30B0M 
CTaHunn OTcyTCTByeT nnnoT-cnrHan, 
o6ecneHMBafou4nti npnB33Ky no dpa3e. TaKMM 
o6pa30M, MMeeTca HeoGxoAMMOCTb b cnoco^e, 
o6ecneHMBaK)U4eM BbicoKOKanecTBeHHyfo CBfl3b 
no KaHany c 3aMMpaHMeM, MMe^u^eMy HM3Koe 
OTHOLiieHMe Eb/No/ ot ho me Hue aHeprnn Ha oamh 
6mt k nnoTHOCTM molahoctm LuyMa/. MoAyJiflu,Mfl 

CpyHKL|MM yOJILUa B oGpaTHOM J1MHMM CBf13M 

flBJifleTCJi npocTbiM cnocoGoM nojiyneHMfl 
64-pmhhom MOAyn^UMM C KOrepeHTHOCTbK) AnJi 
Ha^Opa M3 LLieCTM KOAOBblX CMMB0J10B, 

OTo6pa>KeHHbix b 64 KOAa yoriLiia. 
XapaKTepMCTMKM Ha3eMHoro KaHana TaKOBbi, hto 

HaCTOTa M3MeHeHMfl Cf)a3bl OTHOCMTeJIbHO HM3K3. 

CneAOBaTeribHO, nyTeM Bbi^opa AnnHbi KOAa 
yoriLua, KopoTKoro no cpaBHeHMK) c nacTOTOM 
M3MeHeHM^ cpa3bi b KaHane, B03M0>KHa 
KorepeHTHaa AeMOAyriflu.Mfl H a AnMHe OAHoro 
KOfla yonuja. 

B KaHane o6paTHOM nMHMM cba3m koa yonuja 
onpeAen^eTC?i MHCjpopMau.MeM, nepeAaBaeMOM 
M3 yAaneHHoro ycTpoMCTBa paAM0CB?i3M. 

HanpMMep, TpexSMTOBbIM MHCjDOpMai^MOHHblM 
CHMB0H M0>K9T 6blTb OTo6pa>KeH b npMBefleHHbie 
Bbiiue BoceMb nocneAOBaTenbHOCTeM W(8). 
"OGpaTHoe OToGpa>KeHMe" 3aKOAMpoBaHHbix 
CMMBonoB yornua b OL^eHKy mcxoahnx 

MHC|D0pMai4M0HHblX CMMBOnOB MO>KeT 6blTb 

BbinonHeHO b npMeMHMKe c noMombfo GbicTporo 
npeo6pa30BaHM?i AAaMapa /BI1A/ 
npeAnoHTMTenbHoe "oSpaTHoe OTo6pa>KeHMe", 
MnM npou,ecc ceneKi^MM, A^eT "MfirKoe" 
/nporpaMMMpyeMoe/peujeHMe, KOTopoe MO>KeT 
6biTb nepeflaHO b AQKOAep fln?i ASKOAHpoBaHMfl 
no KpnTepHfo MaKCMManbHoro npaBflonoflo6Mfl. 

npou,eAypa BI1A Mcnonb3yeTC^ Anfi 
BbinonHeHM?i npoLi,ecca "o^paTHoro 
OTo6pa>KeHMfi". npoi^eAypa BI1A KoppenMpyeT 
npMHATyio nocneAOBaTenbHOCTb c k3>kaom M3 
B03M0>KHbix nocneAOBaTenbHOCTeM yornua. Rnn 
Bbi6opa HaMGonee Bepo^THoro 3HaneHMfi 
Koppenqi_|MM, KOTopoe MacLUTaoMpyeTCfl m 
npMHMMaeTC^ b KanecTBe "MfirKoro" peiueHMfl, 
Mcnonb3yeTCfl cxeMa ceneKU,MM. 

npMeMHMK CMmana c pacujMpeHHbiM 
cneKTpoM c pa3HeceHHbiM npMeMOM MnM 
MHoroKaHanbHbiM npMeMHMK /"Rake" - npMeMHMK/ 

COAep>KMT MHO>KeCTBO npMeMHMKOB A^HHblX Jljlft 

CMflrneHMfl acipcfieKTa 3aMMpaHMJi. 06bNH0 
Ka»<AbiM npMeMHMK AaHHbix npeAHa3HanaeTCfl 
Ana A©MOAynMpoBaHMJi cumana, npMLueALuero 
no CBoeM, OTnMHHOM ot APyrMX Tpacce 
pacnpocTpaHeHMfi, nM6o c Mcnonb30BaHMeM 
MHoroaneMeHTHbix aHTeHH, nM6o c 
Mcnonb30BaHMeM cbomctb MHoronyneBoro 
pacnpocTpaHeHMfi KaHana. I~lpn fleMOflyn^L^MM 
cMmanoB, MOAyn m po Ba h h bix b cooTBeTCTBMM co 
cxeMOM nepeAaHM opToroHanbHbix cumanoB, 
Ka>KAbiM npMeMHMK AaHHbix KoppenMpyeT 

npMHMMaeMbIM CMrHan C Ka>KAblM M3 B03M0>KHblX 

3HaneHMM 0T0Gpa>KeHMfl, Mcnonb3yfl npoi4eAypy 
BflA, BflA Ka>KAoro npweMHMKa ashhnx 
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oSTaeflMHfiKJTCfl, m 3aTeM cxeMa ceneKi^MM 
BbiGnpaeT Hanoonee BeponTHoe 3HaneHne 

KOppeJlflUMM, OCHOBblBanCb Ha MaKCMMaJIbHOM 

o6-beflMHeHHOM BbixoflHOM CMmane BI1A Ann 
nonyneHMn ASMOAynwpoBaHHoro CHMBona 
"MnrKoro" peweHwn. 

B cucTeivie, onucaHHOM b naTeme CLUA N 
5103459, cwman Bbi30Ba Ham/iHaeTcn b BMfle 
MCTOHHMKa HHcjxjpiviaLjun 9600 6mt b ceKyHfly, 
KOTopbifi 3aTeM npeo6pa3yeTcn KOflepoiw 
npnMoro HcnpaBJieHi/m oljjm6ok co CKopocTbK) 

1/3 B BblXOAHOM nOTOK 28800 CMMBOnOB B 

ceKyHAy. 3th CMMBonbi rpynnnpyioTcn no 6 Ann 
o6pa30BaHwn 4800 cmmbojiob Yonwa b ceKyHAy, 
npMHeM Ka>KAbifi cmmboji Yonwa OTC"wpaeT OAHy 
M3 LuecTMAecfiTM ^eTbipex opioroHajibHbix 
cjDyHKL4HM YonLiia AnwTenbHOCTbio no 
LuecTbAec^T neTbipe aneMeHTa yonwa. 
SneMeHTbi Yonwa MOAynwpyioTcn c noMow,bfo 
reHepaTopa nceBAOLuyMOBOM 
nocneAOBaTenbHOCTM, cnei^wcjDHHecKOM Ann 
Ka>KAoro nonb30BaTenn. 3aTeM AaHHbie, 
MOAynnpOBaHHbie BbiAeneHHOM Ann Ka>KAoro 
norib30BaTerifl cnei^ncj^MHecKOM nceBAOwyMOBofi 
nocneAOBaTenbHOCTbio, pacwennnioTcn Ha Asa 
cHmana, oamh M3 kotopnx MOAynwpyeTcn c 
noMOLAbio ncn cnHc|Da3Horo (I) KaHaria, a flpyrofi 
MOAynnpyeTCfl c noMow,bio ncn KBaApaTypHoro 
(Q) KaHaria. KaK 1-KaHanbHan, TaK m 
Q-KaHanbHan MOAynnu,Mn p,aeT neTbipe 
nceBAOLuyMOBbix 3neMeHTa Ha oahh snewieHT 
YojiLua c HacTOTOM nceBAOcny'-tafiHoro KOAa 
pacLUMpeHun cneKTpa 1.2288 MTlj. I- m 
Q-MOAynnpoBaHHbie AaHHbie npeACTaBnnkDT 
co6ow KBaApaTypHyio c£a30Byio MOAynnm>uo co 
CABuroM, o&befli/iHeHHyio Ann nepeAanw. 

B cotobom cucTeivie MflKP, onucaHHOM b 
BbiLueynoivinHyTOM naieHTe CLUA N 4901307, 
Ka>KAafl o"a30Ban CTaHi^nn ooecneHMBaeT b 
orpaHMMeHHOM TeppnTopnaribHOM 30He w 
CBfl3biBaeT yAaneHHbie yorpoMCTBa paAnocBn3M 
b 30He oGcny>KMBaHMfl c noMow,bio KOMMyTaTopa 

COTOBOM CUCTeMbl C KOMMyTMpyeMOM 

Tenecj^oHHOM ceTbK) o6"mero nonb30BaHnn. 
KorAa yAaneHHoe ycTpoMCTBO paAnocBn3w 
npworiM>KaeTCfl k 30He oo"cny>KMBaHMn ApyroM 

6a30BOM CTaHUMM, MapLiipyTH3ai4Mn Bbl30Ba 

3Toro nonb30BaTenn nepeAaeTcn hobom 
6a30B0M CTaHL^nn. KaHan nepeflam/i curHana ot 
6a30BOM CTaHL^MM k yAaneHHOMy ycTpotfcTBy 
paAMOCBP3M Ha3biBaeTcn npnMow nwHMeM CBn3i/i, 
a KaHan nepeAann ci/imana ot yAaneHHoro 
ycTpoMCTBa paAMOCBn3H Ha 6a30Byio CTaHL^io 
Ha3biBaeTca o6paTHofi nnHnew cba3m. 

KaK 6bino onucaHO Bbiwe, MHTepBan 
sneMeHTa nceBAomyMOBoro KOAa onpeAenneT 
MUHMManbHoe pa3HeceHne, KOTopoe AOJi>KHbi 
MMeTb ABe Tpaccbi pacnpocTpaHeHMn, mo6bi mx 
mo>kho Gbino o^-beAMHMTb. l~lpe>KAe neiwi 
AeMOAynnpoBaTb pa3Hbie Tpaccbi 

pacnpocTpaHeHMfl cfimanoB, HeoGxoAMMO 
CHanana onpeAennTb OTHOCMTenbHbie BpeiweHa 
npuxoAa /nnn cabi/itm/ curHanoB Ann pa3Hbix 
Tpacc pacnpodpaHeHun b npMHUMaeMOM 
curHane. Mo asm KaHanbHoro sneiweHTa 
BbinonHneT 3Ty cj^yHKi^Mio nocpeACTBOM "noncKa" 
b nocneAOBaTenbHOCTM B03MO>KHbix cabhtob 
Ann Tpacc pacnpocTpaHeHun m M3MeHeHnq 
3Heprnn, npuHMMaeMOM npn Ka>KAOM TaKOM 
bo3mo>khom CABure. Ecnn aHeprun, CBn3aHHan c 

B03MO>KHblM CABHTOM, npeBblLUaeT HeKOTOpbIM 

nopor, to TaKOMy CABury MO>KeT 6"biTb npucBoeH 
aneMeHT fxewioayn^m cumana. 3aTeM ckimajn, 
cooTBeTCTByKDLAMM 3T0My CABury Ann Tpacc 
pacLuwpeHi/m, MO>KeT 6biTb npocyMMnpoBaH c 
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cocTaBnniOLAMMM ot Apyrux sneivieHTOB 
AeMOAynni4MM Ann cooTBeTCTByhomux cabhtob. 
Cnoco6 m ycTpoMCTBO onpeAeneHun aneiweHTOB 
AeMOAynfiL|MM Ha ocHOBe oi^eHKM ypoBHeCi 
SHeprnn aneiweHTOB AeMOAynnunn noncKOBOM 
cwcTeMbi pacKpbiTbi b 3anBKe Ha naTeHT CLUA N 
08/144902 ot 28 OKTflopn 1993 roAa, 
nepeycTynneHHOM npaBonpeeMHMKy HacTOfnnero 
M3o6peTeHHfi. TaKOM npneMHUK c pa3HeceHneM, 
nnn MHoroKaHanbHbiM /RAKE/ npneMHMK, 
o6ecnennBaeT HaAe>KHyra L^MC^poByK: CBfl3b, 
nocKonbKy 3aMnpaHMe Aon>KHO MMeTb MecTO Ann 
Bcex Tpacc OAHOBpeiweHHO, HToGbi napaivieTpbi 
cyMMapHoro curHana yxyAmnnncb. 

Ha cjDnr. 1 b KanecTBe npuMepa noKa3aH 
Ha6op cwrHanoB, nocTyna^LAUx Ha 6a30ByK) 
CTaHL4Hfo ot OAHoro yAaneHHoro ycTpoMCTBa 
paAMOCBfl3n. BepTMKanbHan ocb npeACTaBnneT 
MOLi^HOCTb b Aei4n6enax (aE). Ha 
ropn30HTanbHOM ocm yKa3aHa 3aAep>KKa 
BpeivieHM npuxoAa curHana BcneACTBue 
3aAep>KeK MHoronyneBoro pacnpocTpaHeHnn. 
Ocb, nepneHA^KynnpHan nnocKOCTM CTpaHnubi 
(He noKa3aHa), npeACTaBnneT cerivieHT BpeivieHM. 
Ka>KAbiM nuK cumana b nnocKOCTM CTpaHMi^bi 
cooTBeTCTByeT OAHOMy v\ TOMy >Ke MOMeHTy 
BpeiweHM, xoTn nepeAa^a ocyLAecTBnnnacb 
yAaneHHbiM ycTpoMCTBOM paAnocBn3M b pa3Hbie 
MOMeHTbi BpeiweHM. Ha oSiAeM nnocKOCTi/i nMKM, 
ne>KaLAne npaBee, cooTBeTCTByfOT cumany, 
nepeAaHHOMy yAaneHHbiM ycTpoMCTBOM 
paAMOCB33M paHbLLie, MeM curHanbi, 
cooTBeTCTByraii^Me ni/iKaM, ne>KainMM neBee. 
HanpMMep, caMbiM neBbiM nuK 2 cooTBeTCTByeT 
caMOMy nocneAHeMy nepeAaHHOMy curHany. 
Ka>KAbiM nuK cumana 2-7 cooTBeTCTByeT 
npoxo>KAeHMK) no pa3HOM Tpacce m, 
cneflOBaTenbHO, MMeeT pa3Hoe BpeMa 3aAsp>KKM 
n pa3Hyio aMnnnTyAHyfo xapaKTepucTMKy. LUecTb 
pa3nnHHbix curHanbHbix nuKOB, noKa3aHHbix b 
BMAe nuKOB 2-7, xapaKTepM3yfOT co6om cpeAy c 
cymecTBeHHbiM MHoronyneBbiM 
pacnpocTpaHeHneM. o6bNHan ropoACKan cpeAa 
AaeT MeHbiue np^roAHbix Ann Mcnonb30BaHnn 
Tpacc pacnpocTpaHehME. YpoBeHb co6cTBeHHbix 
LuyMOB CMCTeMbi npeACTaBneH nuKaMM v\ 
npoBanaMM, MMefonnMM 6onee HM3Kne ypoBHM 
SHeprnn. 3aAaneM noncKOBoro aneMeHTa 
nBnneTcn onpeAeneHne saAepwKM, n3MepneMOM 
no ropn30HTanbHOM ocm curHanbHbix nuKOB 2-7 
Ann pacnpeAeneHun noTeHi^nanbHbix 
sneMeHTOB ASMOAynni^MM. 3aAaneM sneMeHTa 
AeMOAynni4MM nBnneTcn AewoAynni4Mn Ha6opa 
nuKOB MHoronyneBoro pacnpocTpaHeHun Ann 
cyMMi/ipoBaHun mx b eAMHbiw BbixoAHOM cuman. 
TaioKe 3aAanei?i sneMeHTOB AeMOAynnL4MM, 
pacnpeAeneHHbix no nMKaM MHoronyneBoro 
pacnpocTpaHeHun, nBnneTcn cne>KeHne 3a 
nMKOM, TaK KaK oh MO>KeT CABuraTbcn bo 
BpeMeHM. 

TaioKe mo>kho CHMTaTb, hto no 
ropn30HTanbHoCi ocm OTnoxeHbi eAUHMU.bi 
CABura aneMeHTOB nceBAOLuyMOBoro cumana. B 
mo6oti AaHHbiM MOMeHT 6a30Ban CTaHi^nn 
npuHMMaeT MHO>KecTBO pa3Hbix cumanoB ot 
OAHoro yAaneHHoro ycTpowcTBa paAMOCBn3M, 
Ka>KAbiM M3 KOTopbix pacnpocTpaHnncn no CBoeM 
Tpacce m MO>KeT MMeTb OTnuHHyw ot Apyrux 
3aAep>KKy. Cuman ot yAaneHHoro ycTpowcTBa 
paAMOCBn3M MOAynnpyeTcn c noMOLAbfo ncn. 
TaioKe Ha 6a30BOM CTaHi^nn reHepupyeTCJi Konwfl 
ncn. Ka>KAbiM curHan MHoronyneBoro 
pacnpocTpaHeHi/in AeMOAynnpyeTcn Ha 6a30BOM 
CTaHi4MM OTAenbHO c noMombio KOAa ncn, 
Cl/IHXpOHM3l/ipOBaHHOrO MHAUBMAyanbHO. Mo>kho 
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CHMTaTb, HTO KOOpflMHaTbl ropM30HTanbHOM OCM 
COOTBeTCTByfOT CflBMry KOfla lien, KOTOpbIM 

6y,qeT ncnorib30BaH Ana ReMopynn^m CMmana 

C 3T0M KOO pfl H H 3TOM . 

3aMeTMM, hto Kaxv^biM nuK MHoronyneBoro 
pacnpocTpaHeHna mMeunejcn no aMnnnTyAe b 
cj^yHKi^nn BpeMeHM, KaK 3to noKa3aHO b B^,qe 
HepoBHoro rpe6H* Ka>Kfloro nuKa MHoronyneBoro 
pacnpocTpaHeHna. Ha noKa3aHHOM 
orpaHkmeHHOM BpeMeHHOM OTpe3Ke HeT 
oonbWMX M3MeHeHMM b nMKax MHoronyneBoro 
pacnpocTpaHeHHfl. B Sonee ljjmpokom 
BpeMeHHOM flnana30He nuKM MHoronyneBoro 
pacnpodpaHeHnq Mcne3aioT m co BpeMeHeM 
co3flaioTC?i HOBbie TpaeKTopnn. riMKH TaioKe 
MoryT CMeLi^aTbCfi b CTopoHy 6onee paHHMX v\nv\ 
6onee no3flHnx cflBuroB b pe3ynbTaTe 

M3MeHeHHf1 AHMHbl TpaeKTOpMM npM flBM>KeHMM 

yAaneHHoro ycTpoMCTBa paflnocBJi3M b 30He 
AeMCTBMfl 6a30BOM" CTaHUMM. Ka>KflbiM 3JieMeHT 
AeMOAyJi^HM 0Tcne>KMBaeT HaMOonbUJMe 
M3MeHGHM^ BbifleneHHoro eMy cwrHana. 3aflaHeM 
npouecca noMCKa aBrmeTCJi qbopMMpoBaHMe 
onucaHna TeKyu^eM cpeflbi MHoronyneBoro 
pacnpocTpaHeHnq, BocnpuHMMaeMOM 6a30BOM 
CTaHi^MePi. 

B oGbiHHOM paflnoTenec|DOHHOM cucieMe 
cba3m b nepe,qaTHMKe yAaneHHoro ycipoMCTBa 
paflM0CBf13M MO>KeT 6~blTb Mcnorib30BaHa 
CMCTeMa BOKOAMpOBaHMJI, KOTopaa KOflMpyeT 

peneByio MHcjDopMai^MK) b qbopMaTe nepeMeHHOM 
CKopocTM. HanpuMep, CKopocTb nepeAaHM 
AaHHbix MO>KeT CHH>KaTbc?i M3-3a nay3 b peHM. 
rioHM>KeHHafi CKopocTb nepeAaHM AaHHbix 
yMeHbiiiaeT ypoBeHb nepeKpecTHbix noMex An* 
Apyrux norib30BaTeneM, Bbi3biBaeMbix 
nepeAaneM ot yflaneHHbix ycTpoficTB 
paAM0CB33M. B npweMHWKe urn b KaKOM-TO whom 
yCTpOMCTBe, CBfl3aHHblM c npneMHMKOM, 
ncnonb3yeTCP cucieMa bo koam po Ba h m a ppn 

BOCGTaHOBJieHMfl peHeBOM MHCjDOpMai4MM. 

BAoGaBOK k peneBOM MHcjDopMai^MM yAaneHHbiM 
MOAyneM MQ>KeT nepeAaBaTbCfl jimGo ToribKO 
HepeneBaa i/iHc|DopMaL4km, nn6o \ax coneTaHi/ie. 
BoKOAep, noAXOAflLAMM Ana Mcnonb30BaHMa 

B T3K0M CpeA©, OnMCblBaeTCfl B COBMeCTHO 

noAaHHOM 3a3BKe Ha naTeHT CLUA N 08/363170 
Ha "BoKOAep nepeMeHHOM ckopoctm" ot 23 
AeKaGpfi 1994 roAa, nepeycTynneHHOM 
npaBonpeeMHMKy HacTOflmero M300"peTeHMfl. 
3tot BOKOAep M3 l4MC|DpOBblX Bbi6opoK peneBOM 
MHcjDopMai^nn co3AaeT KOAnpoBaHHbie flaHHbie c 
HeTbipbMP pa3fin«-iHbiMM CKopocT^MM, HanpMMep, 
npuMepHO 8000 6mt/c, 4000 6mt/c, 2000 Gmt/c 
m 1000 6mt/c Ha ocHOBe peneBOM aKTMBHOCTM b 
TeneHne L^Kna ahuhom 20 mc. Ka>KAbiM 6jiok 
AaHHbix boko a© pa c^opMaTMpyeTca c 
ncnonb30BaHneM BcnoMoraTeribHbix 6mtob b 

BHA e KaflpOB flaHHblX CO CKOpOCTJIMI/l 9600 6mt/c, 

4800 6mt/c, 2400 6mt/c m 1200 6mt/c. KaAP 
AaHHblX MaKCHMaflbHOM ckopocth 9600 Gmt/c 
Ha3biBaeTC3 ioapom noriHOM ckopoctm; KaAp 
AaHHbix co CKopocTbio 4800 Gmt/c Ha3biBaeTCfi 
KaApoM nonoBMHHOM ckopoctm; KaAP AaHHbix co 
CKopocTbio 2400 6mt/c Ha3biBaeTca KaflpoM 
oahom HeTBepTOM CKOpOCTM M KaAP A^HHblX CO 

CKopocTbio 1200 6mt/c Ha3biBaeTCfi KaflpoM 
oahom BocbMOM CKopocTM. Hm b npouecce 

KOAMpOBaHMfl, HM B npOL^eCCe CjDOpMaTMpOBaHMJI 
KaflpOB l/IHCjDOpMaLJHfl O CKOpOCTM He BKTIJOHaeTCfl 

b AaHHbie. Ecnn yAaneHHoe ycTpoMCTBO 
paAMOCBA3M nepeAaeT AaHHbie co CKopocTbio, 
MeHbweM, neM noriHaji CKopocTb, to pa6o"-iMM 
14MKJ1 curHana, nepeAaBaeMoro yAareHHbiMM 
ycTpowcTBaMM paAnocBq3M 3 6yAeT TaKOM >Ke, KaK 
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CKopocTb nepeAann AaHHbix. HanpuMep, cm man 
c oahom HeTBepTOM CKopocTM ot yflaneHHoro 
ycTpoMCTBa paAMOCB?i3M nepeflaeTca TonbKo 
oflHy HeTBepTyra nacTb BpeMeHH. 

YAaneHHoe ycTpoMCTBO paAMOCBA3M 
BicnKOHaeT b ce6?i paHAOMM3aTop naKeTOB 
AaHHbix. PaHAOMM3aTop naKeTOB AaHHbix 
onpeAen^eT, b TeneHMe KaKMX MHTepBanoB 
BpeMeHM yAaneHHoe ycTpoMCTBO paAMOCBFi3M 
BeAeT nepeAany m b TeneHMe KaKMX MHTepBanoB 
BpeMeHM oh He BeAeT nepeAany npM ycnoBMM 
3aAaHHOM ckopoctm nepeAa^M AaHHbix, 

KOHKpeTHbIM MHAeHTMCjDMKai^MOHHblM HOMep 

yAaneHHoro ycTpoMCTBa paAMOCB5i3M m BpeMfi 
cyTOK. npM pa60Te co CKopocTbio, MeHbLLieM 
nonHOM ckopoctm, paHAOMM3aTop naKeTOB 
AaHHbix b cocTaBe yAaneHHoro ycTpoMCTBa 
paAMOCBA3M pacnpeAenaeT nceBAOcnynaMHbiM 
o6pa30M MHTepBaribi aKTMBHoro BpeMeHM BHyTpn 
naKeTa nepeAaHM. CooTBeTCTByioLAMM 
paHAOMM3aTop naKeTOB AaHHbix BKmonaeTca 

TaiOKe M B C0CT3B 6330BOM CTaHL^MM, TaK HTO 

6a30Baa CTaHi4M3 MO>KeT BOCC03AaTb 
nceBAOcnynaMHoe pacnpeAeneHMe Ha ocHOBe 
BpeMeHM cyTOK m KOHKpeTHoro 
MAeHTMa>MKai4MOHHoro HOMepa yAaneHHoro 

yCTpOMCTBa paAMOCBfl3M, HO 6a30Bafl CTaHL^Mfl 

He 3HaeT anpMopM CKopocTb nepeAaHM AaHHbix 
nepeAaBaeMoro CMrHana. 

MHTepBanbi BpeMeHM npM oahom BocbMOM 
ckopoctm onpeAenaioT TaK Ha3biBaeMyio 
"yHMTbiBaeMyio" rpynny BpeMeHHbix HHTepBanoB. 
YAaneHHoe ycTpoMCTBO paAMOCB?i3M, 
pa6oTaioL^ee c oahom HeTBepTOM ckopoctm, 
BeAeT nepeAany b TeneHMe BpeMeHHbix 
MHTepBanoB "yHMTbiBaeMOM" rpynnbi m eLAe 
OAHoro Ha6opa pacnpeAeneHHbix 

nceBAOcnynaMHbiM o6pa30M BbiSpaHHbix 
MHTepBanoB. YAaneHHoe ycTpoMCTBO 
paAMOCB^3M, paocrraioLAee c nonoBMHHOM 
CKopocTbio, BeAeT nepeAany bo BpeMfl 
BpeMeHHbix MHTepBanoB oahom HeTBepTOM 
ckopoctm m Apyroro Haoopa pacnpeAeneHHbix 
nceBAOcny^aMHbiM o6pa30M MHTepBanoB. 
YAaneHHoe ycTpoMCTBO paAMOCB^M, 
paGoTaioLAee c nonHOM CKopocTbio, BeAeT 
nepeAany HenpepbiBHO. TaKMM nyTeM, 
He3aBMCMMO ot ckopoctm nepeAaHM AaHHbix 
nepeAaBaeMoro CMrHana, Ka>KAbi m BpeMeHHOM 

MHTepBan, COOTBeTCTByiOLAMM "yHMTbiBaeMOM" 

rpynne, OAH03HaHHO onpeAenfieT MHTepBan 
BpeMeHM, KorAa cooTBeTCTByfomee yAaneHHoe 
ycTpoMCTBO paAMOCB33M nepeAaeT cm man. 
flononHMTenbHbie noApoGHOCTM, KacafOLAMeca 
paHflOMM3aTopa naKeTa AaHHbix, onwcbiBaioTCfl b 
coBMecTHO noAaHHOM 3aaBKe Ha naTeHT CLUA N 
08/291647 Ha "PaHAOMM3aTop naKeTOB AaHHbix" 
ot 16 aBrycTa 1994 roAa, nepeycTynneHHOM 
npaBonpeeMHMKy HacTOflLAero M3o6peTeHMfl. 

Mtoon caKOHOMMTb CMCTeMHbie pecypcbi An?i 
aKTMBHbix AaHHbix npM nepeAane peHM, 
yAaneHHoe ycTpoMCTBO paAMOCB^3M He 
nepeAaeT MHcjoopMai^Mio o ckopoctm nepeAaHM 
AaHHbix ati^ Ka>KAoro 6noKa AaHHbix. 
CneAQBaTenbHO, npneMHMK flon>KeH onpeAennTb 
CKOpOCTb, npM KOTOpOM AaHHbie KOAMpOBanMCb M 

nepeAaBanMCb Ha ocHOBe nepeAaBaeMoro 
CMmana, TaK HTo6bi BOKOAep, CBq3aHHbiM c 

npMeMHMKOM, MOr npaBMnbHO BOCCTaHOBMTb 

peneByio MHcjDopMai^Mio. Cnocoo" onpeAeneHMfi 
ckopoctm, npM kotopom koam poBan MCb naKeTHbie 
AaHHbie, 6e3 nonyneHMfl MHcjDopMai^MM o 
CKOpOCTM ot npMeMHMKa, paCKpblBaiOTCfl B 
coBMecTHO noAaHHOM 3a?iBKe Ha naTeHT CLUA N 
08/233570 Ha "Cnoco6 m ycTpoMCTBO a/iji 
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onpeAeneHUfi ckopoctw nepeflann flaHHbix c 
nepeivieHHOM CKopocTbfo b npneMHMKe cucieMbi 
CB513H" ot 26 anpena 1994 rofla, 
nepeycTynneHHoCi npaBonpeeMHUKy HacTo^mero 
M3o6peTeHn?i. Cnoco6 onpefleneHUfl CKopoc™ 
flaHHbix, pacKpbiTbM b BbiLueynoMJiHyTOM 3aaBKe, 
peaiiM3yeTCfl nocne Toro, KaK 6bin npuHAT v\ 
fleMOflynnpoBaH cm man, BcneflCTBue nero 
MHCpopMai^n?! o CKopocTH npou,ecca noncKa 
OTcyTCTByeT. 

Ha 6a30BOM CTaHi4MM M3 aHcaMona 
npuHMMaeMbix cwmanoB Bbi30BOB AonweH 6biTb 
MAeHTUcjDML^npoBaH Ka>KflbiM OTAenbHbiM cwman 
yAaneHHoro ycTpowcTBa paflnocB^3M. CucTeMa 
m cnoco6 mwoaynnuy\v\ cwmana yAaneHHoro 
ycTpoMCTBa paAnocB?i3M, npuHMMaeiy/ioro Ha 
6a30Bofi CTaHL^MM, onucaHbi, Hanpniviep, b 
naTeme CLUA N 5103459. Ha cjDnr. 2 noKa3aHa 
6noK-cxeMa ooopyAOBaHwa 6a30BOM cTaHu^i/i, 
onucaHHoro b llaTeHTe CLUA N 5103459, Ana 
AeMOAynau,nn ci/imana yAaneHHoro ycTpowcTBa 
paAMOCBFi3M , nepeflaBaeMoro no oGpamoM 

J1MHMM CBfl3H. 

H3BecTHafl TunoBaa 6a30Bafl CTaHi^nfl 
coAep>KMT MHorosneMeHTHoe He3aBMCMMoe 
noncKOBoe ycipoMCTBO n srieMeHTbi 

AeMOAy.nflL|MM. llOWCKOBOe yCTpOWCTBO v\ 

sneMeHTbi txeMopynnuyiiA ynpaBnaioTCfl 
MHKponpou,eccopoM. B paccMaTpwBaeMOM b 
Ka^ecTBe npwMepa BapnaHTe a/i* noAAep>xaHM^ 

BblCOKOW nponyCKHOM CnOCOGHOCTM CHCTeMbl HM 

oaho yAaneHHoe ycTpoficTBO paAMOCB^3n b 
cucTeivie He nepeflaeT nmioT-curHan. 
OTcyTCTBue nnnoT-ci/imana b oGpaTHofi jimhmm 
cba3h yBeriMHMBaeT BpeMfl, Heoo~xoAHMoe aj~i* 
aHariM3a Bcex B03MO>KHbix BpeMeHHbix cabmtob, 

C KOTOpblMH MO>KeT GblTb npHHflT CHTHan OT 

yAaneHHoro ycTpowcTBa paAH0CBA3H. OGbMHO 
nunoT-curHan nepeAaeTCfl c ypoBHeM 
molahoctm, 6onee BbicoKHM, neM ci/imanbi 
Tpacj^MKa, hto noBbiniaeT OTHomeHne 
CHman-LuyM npMHMMaeivioro nwnoT-cwrHana no 
cpaBHeHMio c npuHUMaeMbiMM KaHanbHbiMn 
cwmanaMW TpacjDMKa. B npoTMBonono>KHOCTb 
3T0My b MAeane Ka>KAoe yAaneHHoe ycipoMCTBO 
paAMOCB?i3M nepeAaeT curHan o6paTHOH jimhmm 
cb^3m, KOTopbiM nocTynaeT c ypoBHeM 

MOLUHOCTH, paBHbIM ypOBHIO MOLI4HOCTM, 

npuHMMaeMOMy ot nioooro Apyoro yAaneHHoro 
ycTpowcTBa paAnocBS3M, m oneAOBaTeribHO, 
MMeioLAMM HM3Koe OTHOLueHne cuman-LLiyM. 
Kpoivie Toro, KaHari nnnoT-cnmana nepeAaeT 
M3BecTHyio nocneAOBaTeribHOCTb AaHHbix. Be3 
nunoT-ci/imana b npoi^ecce noncKa HeooxoAUMO 
npoBeppTb Bee BapwaHTbi, no kotopnm Mornn 
6biTb nepeflaHbi flaHHbie. 

Ha a>nr. 2 b KanecTBe npMMepa noKa3aH 

BapMaHT M3BeCTHOM 6a30B0M CTaHL|MM. Ba30Ba^ 

CTaHL^Mfl Ha cjDnr.2 MMeeT OAHy mjim 6onee 
aHTeHH 12, npuHMMaioLi^nx CMmaribi o6paTHbix 

J1MHMM CBA3I/I yAafieHHblX yCTpOMCTB paAMOCBf13M 

14. 06bNHO 30Ha AeficTBWfl ropoACKOM 6a30BOM 
CTaHi^nn pa3AeneHa Ha Tpn cy630Hbi, 
Ha3biBaeMbie ceiaopaMM. I~lpn AByx aHTeHHax Ha 
oamh ceKTop o6bNHaa 6a30Ba?i CTaHi4M?i MMeeT 
Bcero LuecTb npneiviHbix aHTeHH. npuHMMaeiwibie 
CMmanbi npeo6pa3yioTCfl c noHM>KeHMeM 
HacTOTbi ao nonocbi nacTOT MOAynnpyjoLAMX 
cumanoB aHanoroBbiM npneMHUKOM 16, 
KOTopbiM pa36nBaeT curHaji Ha I n Q KaHaribi m 
nocbiriaeT stm LJ,nc|:poBbie 3HaneHMfl no 
CMmaribHbiM LUMHaM 18 b MOAeM KaHaribHoro 
aneMeHTa 20. OSbNHafi 6a30Ba^ CTaHL^MJR 

COAep>KMT MHOKeCTBO MOAeM OB KaHaJIbHblX 

srieMeHTOB, TaKnx KaK MOAeM KaHaribHoro 
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sjieMeHTa 20 /Ha cpur. 2 He noKa3aHbi/. Ka>KAbiM 
MOAeM KaHaribHoro aneMeHTa 20 noAaep>KMBaeT 
OAHoro norib30BaTenfl. B npeAnoHTHTeribHOM 
BapnaHTe MOAeM KaHaribHoro 3neMeHTa 20 
coAep>KMT HeTbipe srieMeHTa ReMORynnu,\A\A 22 \a 

BOCeMb nOMCKOBblX yCTpOMCTB 26. 

MMKponpou.eccop 34 ynpaBJiaeT pa6oTofi 
sneMeHTOB AeMOAyrifiUMM 22 v\ noncKOBbix 
ycTpoMCTB 26. nceBAOUjyMOBOM koa 
nonb30BaTenfl b k3>kaom aneMeHTe 
AeMOAynfli4MM 22 v\ noncKOBOM ycTpoMCTBe 26 
HacTpanBaeTCfl Ha nceBAOLuyMOBOM koa 
yAaneHHoro ycTpowcTBa paflMOCB?i3M, 
BbiAeneHHbiM Ann GToro MOAeMa KaHanbHoro 
sneMeHTa 20. MuKponpoi^eccop 34 noujaroBO 
npocMaTpuBaeT noMCKOBbie ycTpoMCTBa 26, 
Mcnonb3ya Ha6op cabhtob, Ha3biBaeMbiM 
nOMCKOBblM okhom, KOTopoe nOTeHL|ManbHO 
coAep>KMT nuKM CMTHana MHoronyneBoro 
pacnpocTpaHeHMfl, noAXOA^mne ati^ 
pacnpeAeneHnq mx oneMeHTaM ASMOAynfiu.MM 
22. flna Kax<Aoro cflBura noncKOBoe ycTpoMCTBO 
26 coo^maeT MMKponpoueccopy 34 ypoBeHb 
SHeprnn, KOTopbiM oho oGHapy>KMno b stom 
CABure. 3aTeM MMKponpou,eccop 34 
npucBanBaeT sneMeHTbi fleMOAynfmnn 22 
TpaccaM pacnpocTpaHeHMfl, 

MAeHTMC)DHI4HpOBaHHblM nOMCKOBblMM 

ycTpoMCTBaMM 26. KaK TonbKO oamh \as 
sneMeHTOB ASMOAyn^u,nn 22 3acf)MKCMpoBan 
cuman Ha pacnpeAeneHHOM eMy CABMre, oh 
3aTeM cneAMT 3a stom Tpaccow caM 6e3 
KOHTpon^ co CTopoHbi MMKponpou.eccopa 34, 
noKa Ha HeM He B03HMKHeT 3aMnpaHne nnn noKa 
3tot sneMeHT He 6yAeT pacnpeAeneH 
MMKponpoi^eccopoM 34 hobom Tpacce 
pacnpocTpaHeHMfi CMTHana. 

B cucTeMe no dpwr.2 Ka>KAbiM sneMeHT 
AeMOAynai_|MM 22 n noncKOBoe ycTpoMCTBO 26 
coAep>KMT oahh npoi^eccop BI1A 52, cnoco6HbiM 
BbinonHfiTb oaho npeo6pa30BaHi/ie BI1A b 
TeneHne MHTepBana BpeMeHi/i, paBHoro 
MHTepBany cuMBona Yonuja. npoi^eccop BI1A 
cj3yHKi4M0HnpyeT b "peanbHOM BpeMeHM" b tom 
CMbicne, hto oaho 3HaneHi/ie MHTepBana 
cm m Bona Yonuja bboamtca m 3HaneHne OAHoro 
ci/iMBona BbiBOAHTC^ M3 npoueccopa BI1A. 
CneAOBaTenbHO, Ana oGecneneHMfi GbicTporo 
npoLJ,ecca noncKa Heo6xoAHMO ncnonb30BaTb 
6onbLue, neM oaho noncKOBoe ycTpoMCTBO 26. 
Ka>KAoe noncKOBoe ycTpoMCTBO 26 noAaeT Ha 
MMKponpoLjeccop 34 pe3ynbTaTbi BbinonHeHHoro 
noncKa. Mi/iKponpoL^eccop 34 cboaut qtm 
pe3ynbTaTbi b TaGnni^bi An?i ncnonb30BaHMfl npn 
npucBoeHMM aneMeHTOB ReMopynnum 22 
nocTynajoLAUM cumanaM. 

Ha a>nr. 2 noKa3aHa BHyTpeHHflfl CTpyKTypa 
TonbKO OAHoro sneMeHTa AeMOAyrmu^i/i 22, ho 
noHATHO, hto OHa npuMeHMMa TaioKe n A^fl 
noncKOBbix ycTpoMCTB 26. Ka>KAbiM aneMeHT 
AeMOAynflLi.MM 22 nnn noncKOBoe ycTpoMCTBO 26 
MOAeMa KaHanbHoro aneMeHTa HMeeT 
cooTBeTCTByfoiuMe reHepaTopbi 36,38 I- m 
Q-ncn n reHepaTop 40 cneL^ncf)MHecKM Ana 
Ka>KAoro nonb30BaTen?i ncn, KOTopbiM 
wcnonb3yeTCfl nnn Bbi6opa KOHKpeTHoro 
yAaneHHoro ycTpoMCTBa paAMOCBA3n. Bnxoahom 
cuman cneuncjDMHecKOM ppn Ka>KAoro 
nonb30BaTenyi ncn 40 noABepraeTCfl onepaL^nn 
"MCKnKDHajoLAee HJIM" c noMOLii,bK) 
cooTBeTCTByfoinMX nornnecKnx aneMeHTOB 42 m 
44 BMecTe c BbixoAH bi m m cm manaM i/i 
reHepaTopoB 36 m 38 I- h Q-ncn Ana nonynei-Mfl 
ncn-1 1 n ncn-Q', KOTopbie noAafOTca Ha 
ycTpoMCTBO c>KaTi/m 46. OnopHbie 
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cnHxpoHM3MpyjOLi^ne curHanbi reinepaTopoB 36, 
38, 40 HacTpanBafOTCfi Ha cabmt 
pacnpeAeneHHoro cumana, TaK hto ycipoficTBO 
OKaTMfl 46 KoppennpyeT npwHMMaeMbie 
aHTeHHOM I- v\ Q-KaHaribHbie BbioopKM c ncn-l' m 
ncn-Q', cornacoBaHHOM c pacnpefleneHHbiM 
cflB^roM CMrHana. HeTbipe BbixoAa ycTpoficTB 

OKaTMfl, COOTBeTCTByKDLi^Me MeTbipeM 

nceBflOLuyMOBbiM sneivieHTaM Ha oneivieHT 
yojiwa, cyMMnpyioTCfi, o6"pa3ya oflMH sneivieHT 
YojiLua c noMom,bio cyMMaTopoB 48 m 50. 3aTeM 
HaKonneHHbiM sjieMeHT yonwa noflaeica b 
npou,eccop BI1A. KorAa nonyneHbi 64 sneivieHTa, 

COOTBeTCTByiOLAMe OflHOMy CMMBOJiy yonwa, 

npou,eccop BI1A 52 KoppenwpyeT Haoop M3 64 

3JieMeHTOB yOflLUa C Ka>KflblM M3 B03MO>KHblX 64 

nepeAaHHbix cmmbohob yonwa n BbiAaeT 64 
sneivieHTHyio MaTpMU,y flaHHbix "MflrKoro" 
penieHM^. 3aTeM buxoa npou,eccopa BI1A 52 
cyMMnpyeTCfl c BbixoflaMU flpyrux pacLunpeHHbix 
GJieivieHTOB fleMOflyrifii4MM c noMow,bio 
cyMMaTopa 28. Bbixofl cyMMaTopa 28 
npeACTaBJiJieT co6ofi AeMOAynnpoBaHHbiM 
cuMBon "MarKoro" peweHMfl, B3BeweHHbiM 
nocpeACTBOM AOBepnTeribHoro ypoBHa, KOTopbiM 
TOHHO HASHTMCjDMI4MpyeT mcxoaho nepeAaHHbiM 
CMMBon yoriLua. 3aTeM AaHHbie "MarKoro" 
pemeHUfl noflafOTCfl b AeKOAep np^Moro 
ncnpaBJieHMfi owmook 29 Ana Aa-nbHeMwefi 

06pa60TKM, HTOGbl BOCCTaHOBMTb MCXOAHbIM 

CMman Bbi30Ba. 3aTeM qtot CMinan Bbi30Ba 
nocbinaeTca nepe3 uncjDpoByio jihhmhd cba3m, 
TaKyio KaK jimhmji cba3m T1 mjim E1, KOTopaa 
HanpaBrmeT Bbi30B b KOMMyTupyeiviyio 
TeriecjDOHHyio ceTb oGmero norib30BaHHfl 32. 

KaK m Ka>KAbiM arieivieHT fleMOflyjinmiM 22, 
Ka>KAoe noMCKOBoe ycTpoficTBO 26 coflep>KMT 
TpaKT A^HHbix ReuopynnuywA npou,eccopoM BI1A, 
cnocoGHbiM BbinoriH^Tb oaho npeo^pa30BaHne 
BI1A b TeMeHne MHTepBana BpeMeHM, paBHoro 
MHTepBany cuMBoria yonnia. noncKOBoe 
ycTpoMCTBO 26 OTnwHaeTCfl ot sneMeHTa 
AeMOAynflL^MM TonbKO TeM, KaK ncnorib3yeTca 
ero BbixoAHOM cm man m TeM, hto oho He 
oSecneHMBaeT BpeMeHHoe cneweHMe. flrm 
Ka>KAoro oGpaGaTbiBaeMoro CABMra Kax<Aoe 
noMCKOBoe ycTpoficTBO 26 onpeflenaeT SHeprnfo 
Koppejifli^MM Ha 3tom cflBure nyTeM okstma 
aHTeHHbix BbiSopoK, HaKonneHna mx b aneMeHTbi 
yoriLLia, BbinoriHeHUfi npoL^eflypbi EI1A v\ 
cyMMnpoBaHMP MaKCMManbHOM 3Heprnn BbixoAa 
Ana Ka>Kfloro cum Bona Yonwa, Ha kotopom 
noncKOBoe ycTpoficTBO 3aAep>Ki/i BaeTCE npn 
CABure. OKOHHaTeribHa^ cyMMa cooGmaeTca 
o6paTHO MMKponpou,eccopy 34. 06biMHO Ka>Kfloe 
noncKOBoe ycTpoMCTBO 26 b rpynne c APyrnivin 
no onepeAM onpaujMBaeTCfl Hepe3 noncKOBoe 
okho MMKponpoL^eccopoM 34, npuneM Ka>KAoe M3 
hmx OTAerieHO ot coceAHero Ha norioBMHy 
sneMeHTa nceBAOLuyMOBoro KOAa. TaKMM 

06pa30M, Ha Ka>KflyiO MaKCMMaribHO B03MO>KHyK3 

OLUM^Ky CABi/ira Ha HeTBepTb sneivieHTa 
npuxoAMTca AOCTaTOHHO SHeprnn KOppeilflL^MM 
AJifl o6ecneHeHnq Toro, HTo6bi Tpacca He 6bina 
nponymeHa M3-3a Toro, hto noncKOBoe 

yCTpOMCTBO He yCTaHOBMJIO CBq3b C TOHHbIM 

CABuroM Ana ashhom Tpaccbi pacnpocTpaHeHMfl. 
nocne nocneAOBaTeribHoro npocMOTpa 
noncKOBbix ycTpoMCTB 26 nocpeACTBOM OKHa 
noncKa MMKponpoL^eccop 34 OLieHi/iBaeT 
cooGu^aeMbie pe3yribTaTbi m nmeT Tpaccbi c 
Han6oriee MOL^HbiM CMmanoM aha 
pacnpeAeneHMJi sneMeHTOB HQMORynnuyiw, KaK 
sto onucaHO b BbiLiieynoMflHyTOM 3a?iBKe Ha 
naTeHT CLUA N 08/144902. 
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CpeAa MHoronyneBoro pacnpocTpaHeHMfl 
nocTOAHHO M3MeH?ieTC5i, TaK KaK yAaneHHoe 
ycTpoMCTBO paAHOCBfl3M m Apyrne OTpawajoLijHe 
o6"beKTbi nepeMeu^aioTCJi b 30He asmctbm5i 

6a30BOM CTaHI4MM. KOflMHeCTBO nOMCKOB, 

KOTopbie Aon>KHbi 6biTb BbinoriHeHbi, 
onpeflerifleTCfl Heo^xoAMMOCTbto AOCTaTOHHO 
6bicTpo onpeAennTb ycriOBue MHoronyneBoro 
pacnpocTpaHeHUfi, TaK HToGbi srieMeHTbi 

MOAyJIEI-lHM MOrJIM 3CjDCf)eKTMBHO MCnOJ1b30BaTb 

BepHO HafiAeHHbie Tpaccbi pacnpocTpaHeHMfl 
cumariOB. C Apyrofi CTopoHbi, h eo6xoAM m oe 
KonnnecTBo sneMeHTOB AeMOAyn^L^nn ^BnaeTc^ 
c£yHKi4MeM KonnnecTBa ynoM^HyTbix Tpacc, 
HaMAeHHbix An* ncnonb30BaHW?i b jihd6om 
MOMeHT BpeMeHM. flrifl yAOBJieTBopeHMfl stmx 
TpeSoBaHMM cucTeMa no cjDnr.2 MMeeT ABa 
noMCKOBbix ycTpoMCTBa 26 m oamh sneMeHT 
AeMOAynfiL|MM 22 a^i^ Ka>KAOM m neTbipex 
Mcnoiib3yeMbix MHTerpajibHbix cxeM !\ACI 
AeMOAynfiL|MM, Bcero neTbipe sneMeHTa 
AeMOAynflLini/i v\ BoceMb noncKOBbix ycTpoMCTB 
Ha oahh MOAeM KaHaribHoro aneMeHTa. Ka>KAbiM 
M3 3TMX ABeHaAi-^aTM oGpa^aTbiBafOLi^nx 
srieMeHTOB coAep>KMT noriHbiM TpaKT 
AeMOAyrifii4MM A^HHbix, BKfiK)HaK)Li4MM npoi4eccop 

BI1A, KOTOpbIM 33HMMaeT 60J1bUJyK) HaCTb 

AoporocToaineM nnomaAn MHTerpanbHOM cxeMbi. 
BAoSaBOK k neTbipeM HC AeMOAy-n^Topa, MOAeM 
KaHaribHoro sneMeHTa TaioKe MMeeT MC 
MOAyTiflTopa m HC A^KOAepa npyiMoro 
ncnpaBfieHMfl olum^ok, Bcero 6 MC. flns 
ynpaBfieHMfl v\ KoopAMHai^nn sneMeHTOB 

AeMOAyn^L|MM V\ nOl/ICKOBblX yCTpOMCTB 

TpeGyeTCfi Mou^HbiM \a AoporoM 
MMKponpoi^eccop. KaK noKa3aHO Ha dpwr. 2, 3tm 
cxeMbi noriHOCTbra He3aBMCMMbi m TpeGyraT 
HenocpeACTBeHHoro ynpaBfieHna co ctopohn 
MUKponpoi^eccopa 34 Ana OTcnewi/iBaHMfl 

KOppeKTHblX CABHTOB M 06pa60TKM BblXOAHblX 

AaHHbix BnA. MnKponpoi4eccop 34 nofiynaeT 
npepbiBaHne Ha Ka>KAbiM cmmboji yonuja, HTo6bi 
o^pa^oTaTb BbixoAHbie AaHHbie EI1A. TaKaa 
CKopocTb npepbiBaHM?i caMa no ceoe A^-naeT 
Heo6xoAMMbiM ncnonb30BaHne MOLUHoro 
m m Kponpoi^eccopa . 

Mo>kho 6bino 6bi o6ecneHMTb 
npenMymecTBO, ecru o"bi LuecTb HC, 
HeoGxoAMMbix Arm MOAeMa, yAanocb CBecTM k 
oahom MC, b MeHbLuew CTeneHM Hy^afomeMCfl b 
noAAep>KKe MMKponpoi^eccopa, hto yMeHbLLimio 

6bl CTOMMOCTb HC M CTOMMOCTb M3rOTOBJieHMfl 

MOAeMa Ha ypoBHe nnaT v\ no3BOJinrio nepeMTM k 
ncnojib30BaHHfo Gonee AemeBoro 

MMKponpoL^eccopa /mjim, KaK BapwaHT, OAHoro 
MOLAHoro MMKponpoi4eccopa, 
noflAep>KMBaK)LAero cpa3y HecKoribKO MOAeMOB 
KaHaribHbix sneMeHTOB/. HeAOCTaTOHHO npocTO 
coKpaTMTb pa3Mepbi b npouecce npon3BOACTBa 
MC M 3aMeHMTb LuecTb MMKpocxeM Ha OAHy. 
OcHOBHaa apxMTeKTypa noncKOBoro ycTpoMCTBa 
Aori>KHa 6biTb pa3pa6oTaHa 3aHOBO Ana 
BblCOKOSCjDCjDeKTMBHOrO MOAeMa Ha oahom 
MMKpocxeMe. McxoAfi M3 BbiujecKa3aHHoro, 

AOJl>KHO GblTb SCHO, HTO MMeeTCfl nOTpe^HOCTb B 

ycTpowcTBe Ana npneMa n o6pa6oTKM curHana, 
KOTopoe MO>KeT AeMOAyriMpoBaTb CMrHar 
Bbi30Ba c pacLunpeHHbiM cneKTpoM npn hm3kom 
ctommocth n 6onee odpdpe\(Jv\Buo\A apxMTeKType. 

B HacTOflLneM M3oGpeTeHnn mo>kho 
Mcnorib30BaTb Ha6op onucaHHbix BbiLue 

nOMCKOBblX yCTpOMCTB, pa60TaK)LAMX B 

pearibHOM BpeMeHM, mjim oamh noMCKOBbiM 
npou,eccop b MHTerparibHOM McnoriHeHMM, 

KOTOpbIM MO>KeT 6blCTpO OU,eHMBaTb oonbujoe 
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hmcjio cflBuroB, noTeHLinaribHO co,qep>KaL^MXcfl b 
MHoronyneBOM npwHMMaeMOM cm mane Bbi30Ba. 

HacTOflLi^ee n3o6peieHne npeflCTaarmeT 
co6om cnocoo" noncKa cumana MHororyHeBoro 
pacnpocTpaHeHHfl, KOTopbiM nepeflaeTca c 

HeM3BeCTHOM M3MeH£eM0M CKOpOCTbHD M 

ncnorib3yeT ynpaBJieHMe ypoBHeM moluhocth. 

Cyu4HOCTb n3o6peTeHM?i 

HacTOfiLi^ee n3o6peieHne npeACTaBJiaeT 
co6om cnocoo" noncKa cumajia c MHorojiy^eBbiM 
pacnpocTpaHeH^eM, KOTopbiM nepeflaeTca c 

HeM3BeCTHOM M3MeHfleMOM CKOpOCTbK) M 

noABepraeTca perynnpoBaHMK) ypoBHfl 
molahoctm. Cnoco6 noncKa aBrmeTca 

flMHSMHblM, B TOM CMblCJie, HTO He 

npeAnpuHMMaeTca nonbiTKa CMHxpoHM3ai4MM 
npou,ecca noncKa c M3BecTHbiM BpeivieHeM aha 
coflep>KaHMfi flaHHbix. npoLjecc noMCKa 
CMHXpoHM3MpyeTC^ c rpaHMLjaMM rpynn 
ynpaBfieHUfi moli^hoctm, HTo6bi mo>kho 6birio 
nonyHMTb TOHHbie OLjeHKH moluhoctm. 

KpaTKoe onncaHne nepTewefi 

npM3HaKM, 3aflaMM m npeMMyu^ecTBa 
HacTO^Lnero M3o6peTeHna CTaHyT Donee 
OMeBMAHbiMM M3 nocjieAywLnero noflpoGHoro 
onMcaHMfl, BMecTe c nepTewaMM, Ha KOTOpbix 
OAMHaKOBbie ccbinoHHbie CMMBOJibi 

MAeHTUcjDML^npyioT cooTBeTCTByioLUMe aneMeHTbi 
m Ha KOTopbix noKa3aHO cneAyfOLnee: 

<pv\r. 1 - MrunocTpau^a coctoahma cumaria b 
ycrioBMflx cyiAecTBeHHoro MHoronyMeBoro 
pacnpocTpaHeHHa; 

4)nr.2 - o\noK-cxeMa h3bscthom cucieMbi 
AeMOAy-n^L^MM ceTM cbe3m; 

dpvw.3 - npuMep TerieKOMMyHMKai4MQHHOM 
cucTeMbi c MflKP, BbinoriHeHHOM cornacHO 
HacTOflmeMy n3o6peTeHMfo; 

4)nr. 4 - 6noK-cxeMa MOfleMa KaHanbHoro 
sneMeHTa, BbinonHeHHoro cornacHO 
HacTOflmeMy M3o6peTeHMio; 

cj^nr.5 - o\noK-cxeMa npoLjeccopa noncKa; 

cf>nr.6 - wnn locTpaL^fl u,MKJiMHecKoro 
xapaKTepa bycjDepa aHTeHHbix BbicopoK, 
ncnonb3yfOLnero nepBbiM cabmt; 

cf)nr. 7 - MJinfocTpai^Mfi Li^KJiMHecKoro 
xapaKTepa oycjDepa aHTeHHbix BbiGopoK Ana 
BToporo HaKonneHHfl npM nepBOM CABure no 
dpwr. 6; 

cf)nr. 8 - miruocTpaL^i/m LinKnuHecKoro 
xapaKTepa 6yc£epa aHTeHHbix BbicopoK Ana 
BToporo CABura; 

(pv\v. 9 - rpacfMK, noKa3biBafoii^MM, KaKMM 
o6pa30M ycTpoMCTBO noncKa o6pa6aTbiBaeT 
bxoahom cumari npneiviHMKa b cjDyHKL^MM 
BpeivieHu; 

ctwr.10 - GnoK-cxeivia BXOAHoro KacKaAa 
ycTpowcTBa noncKa; 

cJdmt.1 1 - orioK-cxeMa ycTpoMCTBa OKaTMfl 
ycTpoMCTBa noMCKa; 

cfwr.12 - 6noK-cxeMa npoLi,eccopa 
pe3yribTaTa ycTpoPicTBa nowcKa; 

cf)nr.13 - 6noK-cxeMa nornHecKoro 
ycTpoMCTBa ynopsflOHeHnsi ycTpoMCTBa noncKa; 

cfwr.14 - BpeiweHHaq fluarpaMMa, 
noKa3biBaioLAafl nocneAOBaTejibHOCTb 
o6pa6oTKM, M3o6pa>KeHHOM Ha cjDnr.5, m 

COOTBeTCTByfOLi^ee COCTOflHMe HeKOTOpblX 

sneMeHTOB nornHecKoro ycTpowcTBa 
ynpaBfieHna, npeflCTaBJieHHbix Ha cjDnr.13; m 

cf)nr.15 - aribTepHaTMBHa^ 6noK-cxeMa 
npoi4eccopa noncKa. 

OnucaHne npeAnoHTHTeiibHoro BapnaHTa 
ocymecTBneHM^ M3o6peTeHH?i 

B nocneAywLAeM onucaHMM cnocoGa \a 
cucTeMbi Ana o6pa6oTKM TenecjDOHHbix Bbi30BOB 
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b L^cjopoBOM paAMOTeriecjDOHHOM cucTeiwe 
AaioTC^ pa3fiMHHbie ccbiriKM Ha npoL4eccbi m 
STanbi, KOTopbie BbinoriHflioTCfl Ana AocTM>KeHMfi 
>KeriaeMoro pe3ynbTaTa. CneflyeT noHUMaTb, hto 

T3KMe CCblflKM OTHOCflTCfl He K AeMCTBMflM MJ1M 

yMCTBeHHbiM onepai^MJiM, ocyLi^ecTBn^eMbiM 
nenoBeKOM, a k pa6oTe, BMAOM3MeHeHHK) n 
npeo6pa30BaHwo pa3fiMHHbix cucTeM, BKnioHa^ 

OCOGeHHO TaKWe CMCTeMbI, B KOTOpblX 

o6pa6aTbiBaioTC5i aneKTpuHecKne n 
sjieKTpoMamMTHbie cMmanbi n 3apsRAbi, 
onTMHecKne CMmaribi mjim mx KOM6nHai4MM. B 
ocHOBe TaKnx CMCTeM ne>KMT Mcnorb30BaHne 

pa3JlMHHblX MHCjDOpiViaUMOHHblX 3anOMMHafOU4MX 

ycTpoMCTB, nacTO Ha3biBaeMbix "naivuRTbio", 

KOTOpbie 3anOMMHaiOT HHC|30pMai4MK) 

nocpeACTBOM pa3Meu4eHM5i m ynopflAOHeHMfl 

aTOMHblX MT1H Cy6aTOMHblX 3apfl>KeHHblX HaCTML^ 

Ha HOCMTene >KecTKoro A^cKa mjim b KpeMHMM, 
apceHMfle ranriMfl mjim APyrofi 
nonynpoBOAHMKOBOM cpeflbi, ^Bri^ioLi^eMcyi 
ochobom MHTerparibHbix cxeM, a TaioKe 

MCnOJlb30BaHMe pa3JlMHHblX yCTpOMCTB 

oGpaGOTKM HHC)30pMai4MM, H3CT0 Ha3blBaeMblX 
MMKponpOL^eCCOpaMM, KOTOpbie M3MeH^fOT CBOM 

napaiweTpbi m cocTOAHMe, pearnpya Ha 
yKa3aHHbie arieKTpM'-iecKMe m sneKTpoMarHMTHbie 
cumaribi m 3ap5iAbi. TaioKe npeflycMOTpeHa 

B03MO>KHOCTb MCnOJ1b30BaHMfl naMSTM M 
MMKponpoi^eccopoB, KOTOpbie 3anOMMHafOT M 
oGpaGaTbiBaioT SHeprMio M3iiyHeHMfl mjim 
^acTMUbi, MMefOLAMe cnei4MaribHbie onTM^ecKMe 

XapaKTepMCTMKM, MJIM MX KOM^MHai^MM, M MX 

npMMeHeHMe cornacyeTCfl c npoi^eccoM 
cj3yHKi_|MOHMpoBaHMfl onMCbiBaeivioro 
M3o6peTeHH^. 

HacTOflLi^ee M3o6peTeHMe MO>KeT 6biTb 
peariM30BaH0 b caMbix pa3Hbix CMCTeiwax 
nepeaaHM AaHHbix, a b npeAnoHTMTejibHOM 
BapMaHTe, noKa3aHHOM Ha cjDMr. 3, M3o6peTeHMe 
pearn3yeTCfi b cucTeivie 100 ajia nepeflann peHM 

M flaHHblX, B KOTOpOM CMCTeMHbIM KOHTpOJIJiep M 
KOMMyTaTOp 102 BbinOJlHfleT Cj^yHKL^MM 

MHTepcf)eMca m ynpaBJieHMfi, no3BOJiflfl 

yCTaHOBMTb CBfl3b C yAafieHHblMM yCTpOMCTBaMM 

paAMOCBA3M 104 nepe3 Ga30Bbie CTaHi^MM 106. 
Bjiok KOHTpojinepa m KOMMyTaTopa /BKK/ 102 
ynpaBJiseT MapujpyTM3ai4MeM Bbi30BOB Me>KAy 
KOMMyTMpyeMOM TejiecpoHHOM ceTbfo o6Li^ero 
norib30BaHMfi /KTCOn/ 108 m 6a30BbiMM 
CTaHi^M^MM 106 Ansq nepeflaHM Ha yAaneHHbie 

yCTpOMCTBa paflMOCBf13M 104 H OT HMX. 

Ha cjDMr. 4 noKa3aHbi MOAeMbi KaHaribHbix 
sneMeHTOB 110 A - 110 N m ApyrMe sjieivieHTbi 

MHCjDpaCTpyKTypbl 6a30BOM CTaHLi,MM, 

paGoTaioLi^Me b cooTBeTCTBMM co cnocooaMM 

MflKP, M Cj30pMaT3MM A a HHblX, OIIMCaHHblMM B 

BbiLueyKa3aHHbix naTeHTax. MHO>KecTBO aHTeHH 
112 noAaioT npMHMiwaeMbiM CMmaji o6paTHOM 

J1MHMM CBJ13M 114 B aHaJIOrOBblM 

npMeiwonepeAaTHMK 116. AHajioroBbiM 
npMeMonepeflaTMMK 1 1 6 ocy^ecTBJi^eT 
npeo6pa30BaHMe CMmajia oGpaTHOM jimhmm 

CB33M 114 C nOHM>KeHMeM MaCTOTbl AO nOJIOCbl 

nacTOT MOAyJiMpywLi^Mx GMmajioB m 
AMCKpeTM3MpyeT CMrHar 3tom nonocbi nacTOT 

npM BOCbMMKpaTHOM HaCTOTe nceBflOLUyMOBblX 

ajieiwieHTOB npMHMMaeMoro CMrHana MflKP, KaK 
Sbino onpeAeneHO Bbime. AHajioroBbiM 
npMeMonepeAaTHMK 116 noAaeT L^Mc(3poBbie 

aHTeHHbie BblGopKM B MOAeMbi KaHaJlbHblX 

sjieMeHTOB 1 1 0 A - 1 1 0 N nocpeACTBOM CMrHana 
o6"beAHHMTeribHOM njiaTbi paAMonpMeMHMKa 
6a30B0M CT3HI4MM. Kax<AbiM MOAeM KaHanbHoro 
arieMeHTa 1 10 A - 1 10 N MO>KeT 6biTb npMCBoeH 
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oflHOMy yflaneHHOMy ycTpoMCTBy paAMOCBfl3M, 
MMefOLMeiviy aKTWBHyio CBfl3b, ycTaHOBneHHyio c 
6a30BOM CTaHi^neM. Bee MOfleMbi KaHaribHbix 
oneivieHTOB 110 A - 110 N npaKTi/mecKi/i 
nfleHTMHHbi no CTpyicrype. 

Ecru aKTMBHOMy Bbi30By npwcBoeH MOfleM 
KaHaribHoro sneMeHTa 110 A, to bxoahom KacKafl 
AeMOAyJifiTopa 122 m HHTerpanbHbiM nowcKOBbiw 
npoL^eccop 128 BbiflenaioT cm man ot 
cooTBeTCTByfOLi^ero yAaneHHoro ycTpoMCTBa 

paflMOCBFI3M M3 MHO>KeCTBa CMmanOB Bbl30BOB, 

coflep>KaL^MXc?i b cm mane ob"paTHoro TpaKTaTa 
114, nyTeM ncnonb30BaHMfl ncn, onucaHHbix b 
BbiLiieyKa3aHHbix naieHTax m naTeHTHbix 
3aflBKax. MofleM KaHanbHoro aneMeHTa 110 A 
BKmo^aeT b ce6a 0flH0KpncTanbHbiM noncKOBbiM 
npoL^eccop 128 atia MfleHTMcj3HKai4nn cumanoB 
MHoronyneBoro pacnpocTpaHeHMfl, KOTopbie 
MoryT 6biTb ncnonb30BaHbi BXOAHbiM KacKaAOM 
AeMOAyn^Topa 122. B npeAnoHwenbHOM 
BapnaHTe npoL^eccop BI1A c KBamoBaHneM 
BpeMeHM 120 oGcny>KMBaeT KaK MHTerpanbHbiM 
noncKOBbiM npoueccop 128, TaK v\ bxoahom 
KacKafl A^MOAynflTopa 122. B omnnne ot 
coBMecTHO ncnonb3yeivibix npoueccopa BI~IA 120 
n bnoKa onpefleneHUfi OTHOCMTenbHoro 
MaKCMMyivia 160, MHTerpanbHbiM noMCKOBbifi 
npoi^eccop 128 ABnaeTCfl aBTOHOMHbiM, 
caMoynpaBnfieMbiM m He3aBMCMMbiM 
ycTpoMCTBOM. llowcKOBaE apxMTeKTypa 
AeTanbHO onwcbiBaeTCfl b OAHOBpeMeHHQ 
paccMaTpi/iBaeMOM 3aflBKe Ha naTeHT CLUA N 
08/316177 Ha "npoi^eccop cumanoB 
MHoronyneBoro pacnpocTpaHeHwa ati^ CMCTeMbi 
CBA3H MHO>KecTBeHHoro AOCTyna c 
pacLUnpeHHbiM cneKTpoM" ot 30 ceHTE6pE 1994 
roAa, nepeycTynneHHOM npaBonpeeMHUKy 
HacTo^mero H3o6peTeHkm. 

npoL^eccop BI1A 120 flBnfleTca KnioneBbiM 
ycTpoMCTBOM b npoi^ecce ReMopynn^m. B 
npeAnoHTHTenbHOM BapnaHTe npoi4eccop BI1A 
120 coothocmt npuHMMaeMbie 3HaHeHi/ifi 

CUMBOnOB YonLUa C Ka>KflblM M3 B03MO>KHblX 

3HaHeHMM CMMBonoB YonLua, KOTopbie Mornn 
6biTb nepeAaHbi yAaneHHbiM ycTpowcTBOM 
paAMOCBA3M. npOL^eccop BI1A 120 BbiAaeT 
SHeprnio Koppen^uuM, cooTBeTCTByfomyfo 
Ka>KAOMy H3 B03MO>KHbix CMMBonoB Yonuja, 
npuneivi 6onee bncokmm ypoBeHb SHeprnn 
Koppenf^MM cooTBeTCTByeT 6onee BbicoKOM 

BepOJTTHOCTI/l TOrO, HTO yflaneHHblM yCTpOMCTBOM 

paAMOCBfi3M 6bin nepeflaH CMMBon, 
cooTBeTCTByioLAMM 3TOMy HHfleKcy Yonuja. 
3aTeM 6noK onpefleneHUfl MaKCMMyivia 1 60 
onpeAen^eT caMbm oonbLLiofi M3 64 BbixoAHbix 
ypoBHefi SHeprnn npeob"pa30BaHMfl. 3aTeM 
MaKCMManbHafl SHeprna KoppenaL^M v\ 
cooTBeTCTByfOLi^MM MHfleKC Yonuja M3 SnoKa 
onpeAeneHMfl MaKCMMyMa 160 v\ Ka>KAbiM H3 64 
BbixoAHbix cumanoB 3Heprnn Koppenfn_|MM M3 
npoi4eccopa BI1A 120 noAaiOTCfl b KOHBefiepHbiM 
npoi4eccop ASMOAynaTopa 126 atis 
AanbHeMLiieM o6pa6oTKM. MaKCMManbHas 
3Heprnq KoppenqL^nn v\ cooTBeTCTByfou^MM 
MHAeKC Yonuja M3 onoKa onpefleneHMfl 
MaKCMMyivia 160 B03BpaLi^aioTC^ o6paTHO b 
MHTerpanbHbiM noncKOBbiM npoi^eccop 128. 

KoHBefiepHbiM npoueccop A©MOAynfiTopa 
126 cnHxpoHM3npyeT n cyMMnpyeT CMMBonbHbie 
AaHHbie, nonynaeMbie Ha pa3nMHHbix CABurax, b 
eAMHbiM noTOK fleMOflynnpoBaHHbix CMMBonoB 
"MflrKoro" /nporpaMMMpyeivioro/ peujeHMfl. 
Bflo6aBOK KOHBeMepHbiw npou,eccop 
AeMOAynflTopa 1 26 BbNMcnaeT ypoBeHb 
moli^hoctm npMHMMaeMoro cumana. Hcxoa?i M3 
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npMHHMaeMoro ypoBHfi molu,hoctm cjDopMMpyeTCfl 
yKa3aHne, npeAnncbiBafOLi^ee yAaneHHOMy 
ycTpoMCTBy paAnocBA3M noBbicnTb nnn 
noHM3MTb Moii^HOCTb nepeflaHM 3Toro MOAynq. 
KoiwaHfla Ha ynpaBneHne MOLAHocTbK) npoxoflMT 
nepe3 MOflynyiTop 140, KOTopbitf Ao6aBn?ieT 3Ty 
KOMaHfly b ci/iman, nepeAaBaeMbiM 6a30BOM 
CTaHuneCi ATisq npweMa AaHHbiM yAaneHHbiM 

yCTpOMCTBOM paAHOCB513M. 3tot KOHTyp 

ynpaBneHMfi MOLi^HOCTbfo cjDyHKL^MOHnpyeT 
cornacHO cnoco^y, onucaHHOMy b 
BbiLueyKa3aHHOM riaTeHTe CLUA N 5056109. 

noTOK CMMBonoB "M^rKoro" peujeHMfl 
BbiBOAHTCJi M3 KOHBetfepHoro npoueccopa 
AeMOAyn?iTopa 1 26 b o^paTHbiM 
nepeiwe>KMTenb/AeKOAep c npflMbiM 
ncnpaBneHneM oujh6ok 1 30 nepe3 

MMKponpOL^eCCOpHblM LUMHHblM MHTepC^eMC 134. 

3aTeM AaHHbie HanpaBnaioTCfl nepe3 oGpaTHbiM 

U,MCjDpOBOM KaHan 121 B BKK 102, KOTOpbIM 

ocy^ecTBnyieT coeAMHeHne no Bbi 30By c KTC 

on 108. 

KaHan o6pa6oTKM A^HHbix np^MOM nMHWH 
CB33M peann3yeT cj^yHKL^MM, o^paTHbie no 
cpaBHeHMK) c oGpaTHOM nnHMeti cb^3m. Cuman 
noflaeTca H3 KTC On 108 nepe3 BKK 102 b 
o6paTHbiM L^cfpoBofi KaHan 121. OGpaTHbiM 
i^ncjDpoBOM KaHan 121 noAaeT cuman Ha bxoa 
KOAepa/nepeMe>KMTenfi 138 nepe3 
MMKponpoi^eccop KaHanbHoro aneivieHTa 136. 
nocne KOAnpoBaHMfl w nepeiwe>KeHMfl A^HHbix 
KOAep/nepeMe>KMTenb 138 noflaeT AaHHbie Ha 
MOAyn^Top 140, rAe ohm MOAynMpyiOTCfl, KaK 
Sbino onucaHO b BbiujeyKa3aHHbix naTeHTax. 
BbixoAHOM CMman 146 MOAynflTopa 140 
noAaeTcq b cyMMaTop nepeAaTHMKa 142, rAe oh 
AoGaBnaeTCfl k BbixoAHbiM CMmanaM Apyrwx 
MOAeMOB KaHanbHbix aneMeHTOB 110 B - 110 N, 
npe>KAe HeM ohm noABepmyTca 
npeo6pa30BaHMJO c noBbiujeHMeM nacTOTbi 
oTHocnTenbHo nonocbi MOAynnpyfoii^Mx 
cumanoB \a ycMnaTCfl b aHanoroBOM 
npMeMonepeAaTHMKe 116. CnocoG 

CyMMMpOBaHM?! paCKpbIT B COBMeCTHO nOAaHHOM 

3a^BKe Ha naTeHT CLUA N 08/316 156 Ha 
'TlocneAOBaTenbHbiM aneivieHT coeAMHeHMfl Ana 

CyMMI/ipOBaHMfl MHO>KeCTBa L4HO>pOBblX 

cumanoB" ot 30 ceHTflSpa 1994 roAa, 
nepeycTynneHHOM npaBonpneMHMKy HacTO^Lnero 
M3oGpeTeHMfi. KaK noKa3aHO b BbiLiieyKa3aHHOM 
naTeHTHOM 3a?iBKe, cyMMaTop nepeAaTHMKa, 

COOTBeTCTByiOLL^MM Ka>«AOMy M3 MOAeMOB 

KaHanbHoro aneMeHTa, MO>KeT 6biTb BKnfoneH 
nocneAOBaTenbHO b Tononornio TMna "i^enoHKM" 
b cnynaMHOM nop^AKe, BbiAaBa^ 
pe3ynbTMpyioLi^MM cyMMapHbiM cuman, kotopum 
noAaeTca b aHanoroBbiM np^eMonepeAaTHMK 
116Ana TpaHcnsi^MM. 

Ha cjDi/ir. 5 noKa3aHbi aneMeHTbi, BXOAfliUMe b 
MHTerpanbHbiM noMCKOBbiM npoL^eccop 128. 
KntoHeByio ponb b npoL^ecce noMCKa MrpaeT 
npoL^eccop BI1A c KBaHTOBaHi/ieM BpeMeHM 120, 
KOTopbiM, KaK ynoMMHanocb Bbime, coBMecTHO 
Mcnonb3yeTC5i MHTerpanbHbiM noncKOBbiM 
npoL^eccopoM 128 v\ BXOAHbiM KacKaAOM 
AeMOAyn^Topa 122 /Ha ($Mr. 5 He noKa3aH/. 
npoL^eccop BI1A 120 MO>KeT BbinonHflTb 
npeo6pa30BaHMJi CMMBonoB Yonuja co 
CKopocTbio b 32 pa3a GonbLueM, neM npoL^eccop 
BI1A Ha cjDnr. 2. TaKaa cnocoGHOCTb 6biCTporo 
npeo6pa30BaHMa flenaeT B03MO>KHbiM 
o>yHKi4MOHMpoBaHMe MOAeMa KaHanbHoro 
sneMeHTa 110 c KBaHTOBaHMeM BpeMeHM. 

B npeAnoHTMTenbHOM Bap^aHTe npoi4eccop 
BflA 1 20 nocTpoeH c ncnonb30BaHMeM 
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6-CTyneHMaTOM i^enn Tuna "6a6o4Kn". KaK 
noApo^HO onucaHO BbiLue, 4)yHKi4Mfi YonLiia n-ro 
nop^AKa MO>KeT 6biTb peKypcuBHO onpefleneHa 
cneAyfOLi^MM o6pa30M: 

|w(n/2> , Cn/ZJ | 

rfle W oGo3HaHaeT nornnecKoe flonoriHeHne 
W, a W(1)=0. 

B npeflnoHTMTeribHOM BapnaHTe 
nocrieAOBaTeribHOCTb yonuja reHepupyeTCfi npw 
n= 6, m, cneAOBaTenbHO, Ana cooTHeceHi/ia 64 
sneiweHTOB yoriLua oflHoro nepeflaHHoro 
ci/iMBona yoriLua c Ka>KAoro M3 64 B03MO>KHbix 
nocneAOBaTenbHOCTew yoriLua ncnonb3yeTca 
6-CTynei-HaTafl MaTpnL4bi-"6a6o , -iKM". CTpyKTypa 
v\ cnocoo" cjDyHKi^MOHnpoBaHMfl npoLjeccopa BI1A 
120 noApo^HO pacKpbiTbi b cobmgctho 
noAaHHOM 3aaBKe Ha naTem CLUA N 08/1 73 460 
Ha "Cnoco6 v\ vctpowctbo Ana BbinonHeHwa 
Gbidporo npeo6pa30BaHMfl Aflaiviapa" ot 22 
AeKaGpa 1993 rofla, nepeyciynneHHOM 
npaBonpeeMHMKy HacToamero H3oE>peTeHwa. 

MTo6bi Bocnonb30BaTbCP npei/iMymecTBaMH 
npoi4eccopa BI1A 120, MMeiomero 
TpnAi-iaTMAByxKpaTHyio npon3BOAMTenbHOCTb no 

CpaBHeHMK) C npOTOTMnOM, paGOTafOLL^MM B 

pearibHOM BpeivieHi/i, npoLieccop BI1A 120 
A0DK8H SbiTb o6ecne , -ieH flaHHbiMM Ana 

06pa60TKM, BBOAMMbIMM C BblCOKOM CKOpOCTbK). 

flna yAOBrieTBopeHMP 3Toro TpeSoBaHwa 6y<J)ep 
aHTeHHbix BbioopoK 172 flori>KeH 6biTb 
pacoiMTaH cooTBGTCTByioinMM o6pa30M. 3anncb 
b n CHMTbiBaHne M3 oycpepa aHTeHHbix BbioopoK 
172 ocymecTBnaeTca L^UKJiMMecKH. 

npoL4ecc noMCKa rpynnMpyeTca Ha Haoopbi 

nOMCKOB OTAeJlbHblX CABMrOB. HaMBblCLUMM 

ypoBeHb rpynnnpoBaHM^ - sto Haoop noncKOB 
Ana aHTeHHbi. Ka>KAbiM Haoop nowcKOB Ana 

aHTeHHbl COCTOMT M3 MHO>KeCTBa nOHCKOBblX 

okoh. 06bMHO Ka>Kfloe noncKOBoe okho b HaBope 
noncKOB Ana aHTeHHbi npeACTaBnaeT cooofi 
MAeHTMHHO BbinofiHaeiviyio rpynny iiomckob, rAe 
Ka>KAoe noncKOBoe okho npn aHTeHHOM nowcKe 
nonynaeT AaHHbie ot onpeAeneHHofi aHTeHHbi. 
Ka>KAoe noncKOBoe okho BbinonHeHO W3 paAa 
rpynn noncKa, npeACTaBnaioLUMX cooom Haoop 
nocneAOBaTeribHbix noMCKOBbix cabmtob, 
BbinoriHflioL^MXcfl b TeneHne BpeivieHM, 

3KBMBafieHTHOrO ATlMTeJlbHOCTM CMMBOfia 

yoriLua. Ka>KAafl TaKaa rpynna not/icKa coctomt 
M3 Haoopa sneivieHTOB rpynnbi. Ka>KAbiM aneMeHT 
npeACTaBnaeT cooom eAUHMHHbiM noncK Ha 
A3HH0M CABure. 

B Hanane npoL^ecca nonci<a 
MUKponpoLieccop KaHaribHoro sneiweHTa 136 
nocbiriaeT napaMeTpbi, onpeAenafOL^we 
noncKOBoe okho, KOTopoe MoxeT 6biTb nacTbio 
Ha6opa aHTeHHbix noi/icKOB. LUnpMHa noncKOBoro 
OKHa MO>KeT 6biTb yK33aHa b aneivieHTax 
nceBAOiuyMOBoro KOAa. KontmecTBO noncKOBbix 
sneMeHTOB, Heo6xoAMMbix Ana 3aBepiueHM?i 

nOUCKOBOrO OKHa, M3MeH^eTCa B 3aBMCMMOCTM OT 

KoriMHecTBa aneivieHTOB nceBAOLiiyMOBoro KOAa, 
onpeAeneHHbix b noncKOBOM OKHe. KoriMMecTBO 
sneMeHTOB Ha OAHy rpynny noncKa MO>KeT o"biTb 
onpeAerieHO MMKponpoi4eccopoM KaHaribHoro 
sneMeHTa 136 nnn MO>KeT 6biTb 3acjDMKCnpoBaHO 

B BHA e HeKOTOpOM KOHCTaHTbl. 

Ha cjDnr.1 b KanecTBe npuMepa noKa3aH 
Haoop curHanoB, nocTynajoLi^nx Ha 6a30Byio 
CTaHi4Mio ot OAHoro yAaneHHoro ycTpoMCTBa 
paAMOCBfi3M, M3 KOToporo CTaHeT 6onee 

nOHETHOM B3aMMOCBJ13b Me>KAy nOMCKOBbIM 

okhom, rpynnofi noncKa m sneivieHTOM rpynnbi. 
BepTMKanbHaa ocb Ha dpv\r. 1 npeACTaBrmeT 
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npHHMMaeiviyK) MomHOCTb b Aei-in6enax /aB/. no 
ropn30HTaribHOM ocm OTKnaAbiBaeTca 3aAep>KKa 
no BpeiweHM npuxoAa cwrHana, B03HHKaK)Li^afl 
M3-3a 3aAep>KeK MHoronyneBoro 

pacnpocTpaHeH^m. Ocb /He noKa3aHa/, MAyLAaa 
nepneHAWKyrmpHO nnocKOCTM CTpaHMi^bi, 
npeACTaBJiaeT cerivieHT BpeivieHM. Bee nuKM 
cumajia b nnocKOCTM CTpaHMUbi npuLUfin b oaho 
m to >Ke BpeMfi, xoTfl n 6birin nepeAaHbi 
yAaneHHbiM ycTpoMCTBOM paAH0CBE3M b pa3Hoe 
BpeMfi. 

M0>KH0 CHMTaTb, MTO ropM30HTaflbHafl OCb 

MacLUTaGnpyeTCFi b eAUHMi^ax CABura 
sneivieHTOB nceBAOLiiyMOBoro KOAa. B jiio6om 
AaHHbiM MOMeHT BpeivieHM 6a30Baa CTaHi^na 
npuHMiwaeT MHO>KecTBO pa3JiMHHbix cumanoB ot 
OAHoro yAaneHHoro ycTpoMCTBa paAMOCBfl3M, 

K3>KAblM M3 KOTOpblX npOLLiefl AO OTJlMHafOLi^eMCfl 

TpaeKTopnn m MoweT HMeTb OTnuHHyra ot flpyrwx 
3aAep>KKy. CurHari yAaneHHoro MOAyna 
MOAyJinpyeTca c noMOLi^bK) ncn. Ha 6a30BOM 
CTaHi^nn TaiOKe reHepMpyeTca Konna niun. Ha 
6a30BOM CTaHL^HM, ecru Ka»<AbiM cm man 
MHoronyneBoro pacnpocTpaHeHna 6bin 
MOAynnpoBaH MHAHBHAyanbHO, no^BnaeTca 

HeO^XOAMMOCTb CMHXP0HM33I4MM K0A3 11011 C 

Ka>KAbiM CMTHanoM. Ka>KAa?i M3 stmx 

CHHXpOHM3MpOBaHHblX 11011 Ha 6a30BOM CTaHL^MM 

6yAeT niweTb 3aAep>KKy no OTHOiueHMK) k 
STanoHHOiwiy HyneBOMy CABury M3-3a 
BbiiueyKa3aHHOM 3aAep>KKM. no ropn30HTanbHOM 

OCM MO>KeT SblTb OTnO>KeHO KOnMMeCTBO 

nceBAOiuyMOBbix sneivieHTOB, Ha KOTopoe 
3aAep>KMBaeTCfl CMHxpoHM3MpoBaHHas ncn no 
OTHOLueHMio k HyneBOMy STanoHHOMy CABury 

6a30BOM CTaHI4MM. 

Ha cf)Mr. 1 cerivieHT BpeivieHM 10 
npeACTaBnqeT Ha6op noncKOBoro OKHa M3 
cabhtob sneMeHTOB nceBAOLiiyMOBoro KOAa, 
noAne>KaLi^nx o6pa6oTKe. CerivieHT BpeivieHM 10 
pa3AeneH Ha n^Tb pa3nnHHbix rpynn noncKa, 
TaKMX KaK cerivieHT BpeMeHM 9. Ka>KAa5i rpynna 
noncKa. b cbohd onepeAb, coctomt M3 p?iAa 
sneivieHTOB, npeACTaBnajomux Ae^cTBMTenbHbie 
CABurn, flBnaioLni/iecfl o6"beKTOM nowcKa. 
HanpMMep, Ha cf)Mr.1 Kax<Aafl rpynna noncKa 

COCTOMT M3 8 pa3nMHHblX 3neMeHT0B, T3KMX KaK 

8. 

flnq o6pa6oTKM OAHoro aneivieHTa rpynnbi 
noMCKa 8 HeoSxoAUM Haoop BbiGopoK bo 
BpeiweHM c AaHHbiM CABMroM. HanpMMep, Ana 
o6pa6oTKM sneiweHTa 8 Tpe^yeTca c>KaTMe 
Ha6opa BbiGopoK npw CABure 8, MAyLMero Ha3aA 
ot nnocKOCTM CTpaHMi^bi no ocm BpeivieHM. TaiOKe 
Heo6xoAMMO oxaTue cooTBeTCTByfOLi^eM ncn. 
ncn MO>KeT SbiTb onpeAeneHa nyTeM 3anMCM 
BpeMeHM nocTynneHMfi BbioopoK m CABMra, 
KOTopbiM Heo6xoAMMO o6paooTaTb. Tpe^yeMbiM 
CABi/ir MO>KeT 6biTb o(5~beAMHeH c BpeiweHeM 
npMXOAa Ana onpeAeneHMa cooTBeTCTByjo^eM 
ncn, noAne>KaLi^eM Koppenai^noHHOM oopaooTKe 

C npMHMMaeMblMM BblSopKaMM. 

KorAa sneivieHT rpynnbi noncKa OKMMaeTca, 
Bbi6opKM c npneMHOM aHTeHHbi m ncn 
npMHMMatoT paA 3HaneHMki bo BpeiweHM. 
3aivieTMM, hto Bbi6opKM c npneMHOM aHTeHHbi 
OAMHaKOBbi Ana Bcex cabhtob, noKa3aHHbix Ha 
cJdwM, a nMKM 2-7 noKa3biBaioT b KanecTBe 
npMMepa nuKM MHoronyneBoro 

pacnpocTpaHeHna, KOTopbie nocTynaiOT 
OAHOBpeMeHHO m pa3nMHaioTca TonbKO c 
noMoii^bHD npoi^ecca cxaTMa. 

B npeAnoMTMTenbHOM BapnaHTe, 
onwcbiBaeMOM HM>Ke, Ka>KAbiM sneiyeHT rpynnbi 
noMCKa CMemeH bo BpeiweHM OTHOCMTenbHO 
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npeflbiAymero aneMeHTa Ha nonoBMHy aneMeHTa 
nceBfloujyMOBoro KOfla. 3to 03HanaeT, hto eonn 
aneMeHT rpynnbi noncKa 8 noABepranca 
Koppenqi4MOHHOM o6pa6oTKe, HaMMHas c 
noKa3aHHOM Ha nepTewe nnocKOCTM cpe3a no 
HanpaBfieHMJO Bnepefl bo BpeivieHM /b nnocKocTb 
CTpaHML^bi, KaK noKa3aHO Ha nepTewe/, to Tor,qa 
aneMeHT cneBa ot yKa3aHHoro aneMeHTa 8 
Gy,qeT ncnorib30BaTb BbiGopKM, HannHafi c 
nonoBMHbi aneMeHTa bo BpeMeHM Ha3afl ot 
noKa3aHHOM nnocKOCTH cpe3a. 3to 
npoABMJKeHne bo BpeiweHM no3BonfleT Ka>KAbiw 
aneMeHT b o&u\ev\ rpynne noncKa noABepraTb 
Koppen?mMOHHOM o6paooTKe c ncnonb30BaHneM 

oflHoti m tom we ncn. 

Ka^oe yflaneHHoe ycTpoficTBO paflM0CBfi3M 
npuHMMaeT cm man, nepeflaBaeMbiM 6a30Bofi 
CTaHi^ne^, c 3aflep>KKOM Ha HeKOTopyio 
BoriMHMHy, B03HMKaioLny[o M3-3a 3aflep>KKM npn 
npoxo^eHnn nepe3 Ha3eMHyio cpe,qy. B 
y,qaneHHOM ycTpowcTBe paflnocBfi3M TaioKe 
reHepwpyeTCfl oamh m tot I m Q kopotkmm 

nceBflOLliyMOBOM KOfl M AJ™HHblM 

nceBAOLiiyMOBOM koa nonb30BaTena. YAaneHHoe 
ycTpoMCTBO paAnocB5i3M reHepwpyeT onopHbie 

CHHXpOHM3MpyKDLL4Me CHTHanbl Ha OCHOBe 

onopHbix CMHxpoHM3npyioLAMX cumanoB, 
KOTopbie oh npuHUMaeT ot o"a30BOM CTaHi^nn. 
YAaneHHoe ycTpoficTBO paAMOCB^3i/i ncnorib3yeT 

OnopHbIM CMHXpOHl/131/lpyiOLLlMH CMTHan B 

Ka^iecTBe BXOAHoro cumana reHepaTopoB I- v\ 
Q-nceBflOLiiyMOBoro KopoTKoro v\ AnnHHoro KOAa 
norib30BaTerifl. HHcj^opMai^noHHbiM CMman, 
npuHMMaeMbiM Ha 6a30B0M CTaHi^nn ot 
yAaneHHoro ycTpoMCTBa paAwocBH3M, 
noABepraeTC^ AByxcTopoHHefi /b np^MOM m 
o6paTHOM HanpaBneHnn/ 3aAep>KKe Ha nyTM 
Me>KAy 6a30Bofi CTaHi^neM m yAaneHHbiM 

yCTpOMCTBOM paflMOCBfl3M. 

CneAOBaTenbHO, ecnw cnHxpoHM3aLi,i/ia 
nceBAOLuyMOBoro reHepaTopa, ncnonb3yeMoro b 
npoi^ecce nowcKa, noAHMHfleTca onopHbiM 
cnHxpoHH3MpyioLHMM CHmanaM HyneBoro CABura 
Ha 6a30B0M CTaHAMU, to bhxoahom cuman 
reHepaTopa SyAOT BcerAa noflBnaTbca npe>KAe, 
neivi cooTBeTCTByioLUMM cm man GyfleT npuHsrr ot 
yAaneHHoro ycTpoMCTBa paAMOCB^3n. 

B ci/imane KBaApaTypHOM cfasoBofi 
MOflynflL^MM co cabhtom /K$MhC/ AaHHbie 
1-KaHana m Q-KaHana CABMHyTbi APyr 
OTHOCMTeribHO Apyra bo BpeMeHW Ha nonoBMHy 
aneMeHTa. CneAOBaTeribHO, OKaTMe K$MhC, 
ncnonb3yeMoe b npeAnoHTMTenbHOM BapMaHTe, 
TpeoyeT BbiGopKH AaHHbix c abomhom nacTOTOM 
aneMeHTOB. TaioKe npoLiecc noMCKa npoTeKaeT 
onTMManbHO CAaHHbiMM, AHCKpeTM3MpyeMbiMM c 

nOJIOBMHHOM HaCTOTOH aneMeHTOB. Ka>KAblM 

aneMeHT b rpynne noMCKa CABMHyT Ha nonoBMHy 
aneMeHTa ot npeAbiAyLAero aneMeHTa. 
Pa3pewaioLLi i a;i cnoco6HOCTb b nonoBMHy 
aneMeHTa rpynnbi noMCKa o6ecneHMBaeT to, «^to 
nuKOBbie CMmanbi MHorojiyneBoro 

pacnpocTpaHeHM?i He nponycKaioTCfl, He oyAyHM 
o6Hapy>KeHHbiMM. no 3tmm npuMMHaM 6yc^ep 
aHTeHHbix BbiGopoK 172 Ha cjonr. 5 3anoMMHaeT 
Bbi6paHHbie AaHHbie c yABoeHHOM HacTOTOM 
nceBAOLijyMOBbix sneiweHTOB. 

3KBMBaneHT OAHoro CMMBona Yonuja 
CHMTbiBaeTca M3 Gyc):epa aHTeHHbix BbiSopoK 
172 Ana o6pa6oTKM OAHoro aneMeHTa rpynnbi 
noncKa. fln^ Ka>KAoro nocneAyioLAero aneMeHTa 
M3 6ycji)epa aHTeHHbix Bbi6opoK 172 
a-ii/iTbiBaeTCfl SKBMBaneHT OAHoro cm m Bona 
Yonnia, CABMHyToro Ha nonoBMHy 
nceBAOLuyMOBoro aneMeHTa ot npeAbiAy^ero 
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aneMeHTa. Ka>KAbiM aneMeHT rpynnbi noncKa 
OKMMaeTCfl c noMOLUbfo tom >Ke caMOM ncn, 
CHMTbiBaeMOM M3 6y4)epa ncn 176 ycTpoficTBOM 
OKaTMfl 178 Ana Ka>KAoro aneMeHTa b rpynne 
noMCKa. 

Bycpep aHTeHHbix Bbi6opoK 1 72 WMeeT 
eMKOCTb b ABa cum Bona YonLua, m b Hero m H3 
Hero HenpepbiBHO m MHoroKpaTHO npow3BOAHTCJi 
3anncb m CHUTbiBaHMe Ha npoTfl>xeHMM Bcero 
npoL^ecca noMCKa. B k3>kaom rpynne noncKa 
nepBbiM oGpaSaTbiBaeTca aneMeHT, MMeiou^nM 
caMbm nocneAHUM cab Mr bo BpeMeHM. CaMbiM 
nocneAHMM CABur cooTBeTCTByeT curHany, 
kotophm npuLuen no caMOM atiuhhom 
TpaeKTopuM ot yAaneHHoro ycTpoficTBa 

paAMOCBfl3M AO Ga30B0M CTaHL^MM. MOMeHT, c 

KOToporo noncKOBoe ycTpoMCTBO HaHMHaeT 
o6pa6aTbiBaTb rpynny noncKa, npMB5i3biBaeTCfl k 
rpaHML^aM cm m Bona Yoruja, OTHOcqL^erocfi k 
aneMeHTy 3tom rpaHMLibi, MMefomeMy caMbiM 
nocneAHMM cab Mr b rpynne noMCKa. BpeMeHHOM 
CTpoG, H33biBaeMbiM rpaHML^eM CABMHyToro 
cum Bona Yonuja, yKa3biBaeT Ha caMbiM paHHUM 
MOMeHT, KorAa Bee TpeoyeMbie Bbi^opKM 
MMefOTCJi b 6ycj:epe aHTeHHbix Bbi6opoK 172, m 
npoi4ecc noMCKa MO>KeT GbiTb HanaT c nepBoro 
aneMeHTa b rpynne noMCKa. 

PaGoTy Gycpepa aHTeHHbix BbiGopoK 172 
nerKO npoMnmocTpupoBaTb, ecnM y^ecTb ee 
L^MKnuHecKi/iM xapaKTep. Ha cf^wr. 6 noKa3aHa 
AMarpaMMa paGoTbi Gycpepa aHTeHHbix BbiGopoK 
172. Ha cjDi/ir. 6 OKpy>KHOCTb 400, noKa3aHHaa 
>kmphom nnHneM, npeACTaBnaeT caM Gycpep 
aHTeHHbix Bbi6opoK 172. BycjDep aHTeHHbix 
BbiGopoK 172 CGAep>KMT AHeMKM naMATM Ana 
AByx 3Ha^eHMM AaHHbix CMMBonoB Yonuja. 
YKa3aTenb 3anMCM 406 L^MpKynMpyeT b GycjDepe 
aHTeHHbix BbiGopoK 178 b HanpaBneHMM, 
yKa3aHHOM b peanbHOM BpeMeHU, hto 03HaHaeT, 
hto yKa3aTenb 3anncM 406 noBopa^MBaeTca b 
Gyqbepe aHTeHHbix BbiGopoK eMKOCTbio ABa 
cm m Bona Yonuja b to BpeMfl, KorAa aKBMBaneHT 
BbiGopoK AByx CMMBonoB Yoniua nocTynaeT bo 
bxoahom KacKaA noncKOBoro ycTpoMCTBa 174. 
KorAa BbiSopKH 3anMCbiBaioTCfi b 6ycpep 

aHTeHHblX Bbl6~OpOK 172 B COOTBeTCTBMM c 

aApecoM aneMKM naM^TM, yKa3biBaeMOM 
yK333TeneM 3anMcn 406, paHee 3anncaHHbie 
AaHHbie nepenMCbiBaioTCfl. B 
npeAnoHTMTenbHOM BapMaHTe Gyqaep aHTeHHbix 
Bbi6opoK 176 coAep>KMT 1024 aHTeHHbix 
BbiSopKM, nocKonbKy Kax<AbiM M3 AByx CMMBOnOB 
Yonma coAep>KMT 64 aneMeHTa Yonuja, a 
Ka»<AbiM aneMeHT Yonuja coAep>KMT 4 
nceBAOLijyMOBbix aneMeHTa, Kax<AbiM M3 kotopnx 
OTGnpaeTC5i flBa>Kflbi. 

npoL^ecc noncKa AenMTca Ha A^icKpeTHbie 
BpeMeHHbie MHTepBanu. B npeAnoHTMTenbHOM 
BapMaHTe MHTepBan BpeMeHM paBeH 1\32 
AnMTenbHOCTM CMMBona Yonuja. BbiGop 32 
MHTepBanoB BpeMeHM Ha oamh cuMBon Yonuja 
nonynaeTcs M3 MMefomeMC^ TaKTOBOM nacTOTbi m 
KonnnecTBa TaKTOBbix LiMKnoB, HeoGxoAMMbix 
Ana BbinonHeHM^ BI1A. fln^ BbinonHeHnq BI1A 
Ana OAHoro CMMBona Yonuja TpeGyeTca 64 
TaKTOBbix L^MKna. B npeAnoHTMTenbHOM 
BapMaHTe MMeeTCfl TaKTOBbix reHepaTop, 

pa60TaiOU4MM C BOCbMMKpaTHOM HaCTOTOM 

nceBAOLijyMOBbix aneMeHTOB, KOTopbiM 
o6ecneHMBaeT HeoGxoAHMbiM ypoBeHb 

XapaKTepMCTMK CjDyHKL4MOHMpOBaHHa. 

BocbMMKpaTHaa nacTOTa nceBAomyMOBbix 
aneMeHTOB, yMHO>KeHHaa Ha Tpe6yeMbie 64 
TaKTOBbix MMnynbca, aKBMBaneHTHa BpeMeHM, 
KOTopoe yxoAMT Ha npneM aKBMBaneHTa AByx 
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sneMeHTOB yoriLLia /AaHHbix/. riocKoribKy b 
Ka>KflOM nonoBUHe oyqbepa MMeeTca 64 
sneMeHTa yonuja, Ana CHMTbiBaHMa Bcero 
ci/iMBona yoriLiia Heo6xoflMMO 32 MHTepBana 

BpGMeHM. 

Ha cjDnr. 6 Ha6op KOHi^eHTpuMecKMX Ayr BHe 

OKpy>KHOCTM 400, nOKa3aHHOM >KMpHOM JIMHUSM, 

npeACTaBnaeT onepauMio CHMTbiBaHMa n 3anncn 
b Gycfepe aHTeHHbix BbioopoK 172. flyrn BHyTpn 
OKpy>KHOCTM Mcnonb3yioTca Ana oonerneHMa 
noHMMaHMFi m He cooTBeTCTByKDT onepaLjMaM 
CHMTbiBaHMa hum 3anncn. Ka>KAaa flyra 
npeACTaBnaeT onepaL^Hfo CHMTbiBaHMa hum 
3anMCM bo BpeMa oflHoro MHTepBana BpeMeHM. 
flyra, 6\nM>KaMLuaa k i^sHTpy OKpywHoc™, 
noaBnaeTca bo BpeMeHM nepBOM, a Ka>KAaa 
nocneflyfOLi^afl Ayra npeACTaBnaeT onepaLjMio, 
npoMcxoflfiLi^yio b conee no3flHMM MHTepBan 
BpeMeHM, KaK noKa3aHO c noMOL^bio CTperiKM 
BpeMeHM 414. Ka>KAaa M3 KOHueHTpMHecKMX Ayr 
cooTBeTCTByeT nacTM cyqbepa aHTeHHbix 
BbiGopoK 172, npeflCTaBfieHHoro OKpy>KHOCTbfo 
400, KOTopaa noKa3aHa >kmphom JiMHMeM. EcnM 
npeflCTaBMTb paflMycbi, BbixoAamMe M3 LieHTpa 

OKpy>KHOCTM 400, K T0HK3M no KOHL^LM Ka>KflOM 
KOHL4eHTpMHeCKOM AyrM, TO HaCTb OKpy>KHOCTM 

400 Me>Kfly tohk3mm nepeceneHMa paflMycoB m 
OKpy>KHOCTM 400 GyfleT npeACTaBnaTb 
AoorynHbie aneCiKM naMaTM. HanpMMep, b 
TeneHMe noKa3aHHOM Ha cjDMrype onepaL^MM Ha 
nepBOM MHTepBane BpeMeHM b Gycfcep aHTeHHbix 
BbioopoK 172, npeACTaBJieHHbiM AyroM 402A, 
3anncbiBaeTCjq 16 aHTeHHbix BbiGopc-K. 

Ha cjDMr. 6,7 m 8 b KanecTBe npMMepa 
npMHATbi cneAyioLAMe napaMeTpbi noMCKa Ana 
npoMCKOBoro OKHa: 

LUMpMHa noMCKOBoro OKHa = 24 
nceBAOLuyMOBbix sneMeHTa; 

noMCKOBbiM cab Mr = 24 nceBAOLuyMOBbix 
sneMeHTa; 

KonnHecTBO cmmbojiob Ana HaKonneHMa = 2; 

KoriMHecTBO 3fieMeHTOB Ha OAHy noMCKOByio 
rpynny = 24. 

Ha cjDMr. 6 TaioKe npMH^TO, hto Gyc|Dep 
aHTeHHbix Bbi6opOK 172 npaKTMHecKM C0Aep>KMT 
SKBMBaneHT noriHoro cm m Bona yonuja 
AOCTOBepHbix AaHHbix nepeA 3anMCbKD, 
noKa3aHHOM AyroM 402A. Bo BpeMa 
nocneAyioLUMX MHTepBanoB BpeMeHM 
npoMcxoAMT 3anMCb, cooTBeTCTByfomaa Ayre 
402B m nyre 402C. B TeneHMe 32 MHTepBanoB 
BpeMeHM, MMeioLUMXcfl b HariMHMM b TeneHMe 
BpeMeHM, OKBMBaneHTHoro OAHOMy CMMBony 
yoriLLia, onepaL^MM 3anMCM npoAonwaioTca ot 
AyrM 402A ao caMOM oonbwoM AyrM 402 FF, 
KOTopaa He noKa3aHa. 

32 MHTepBaria BpeMeHM, npeACTaBneHHbie 
AyraMM c 402A ao 402FF, cooTBeTCTByfOT 
BpeMeHM, Mcnorib3yeMOMy Ana 3aBepLueHMa 
oahom noMCKOBOM rpynnbi. Mcnonb3ya 3aAaHHbie 
Bbiiue napaMeTpbi, noMCKOBaa rpynna HanMHaeT 
cab Mr Ha 24 nceBAOLuyMOBbix sneMeHTa ot 
3TanoHHoro HyrieBoro CABMra, mjim "peanbHoro 
BpeMeHM", m coAep>KMT b ce6e 24 sneMeHTa. 
Cab Mr Ha 24 nceBAOLuyMOBbix sneMeHTa 
cooTBeTCTByeT noBopoTy Ha 16.875 rpaAyca no 
OKpy>KHOCTM 400 ot Hanana nepBOM 3anMCM, 
noKa33HHOM AyroM 402A /BbMiicnaeMOMy nyTeM 
AeneHM^ CABMra Ha 24 nceBAOLuyMOBbix 
sneMeHTa Ha o6mee HMcno sneMeHTOB 256 b 
nonoBMHe Gyqbepa aHTeHHbix BbioopoK 172 m 
yMHOKeHMfl pe3ynbTaTa Ha 180 rpaAycoB/. 3Ta 
Ayra b 16.875 rpaAyca noKa3aHa b bmao flyrM 
412. 24 sneMeHTa noMCKOBOM rpynnbi 

COOTBeTCTByHDT CHMTblBaHMaM, nOKa3aHHblM 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



AyraMM 404A-404X, caMaa oonbwaa M3 KOTopbix 
He noKa3aHa. nepBoe CHMTbiBaHMe, 
coot BeTCTBy KJLU.ee Ayre 404 A, HanMHaeTca b 
HeKOTopbiM MOMeHT noMCKOBoro CABMra nocne 
3anMCM, cooTBeTCTByiOLAeM 402C, TaK hto b 
HanM^MM MMeeTcq Ha6op CMe>KHbix AaHHbix. 
Ka>KAoe nocneAyK3Ln.ee CHMTbiBaHMe, HanpMMep 
404B, CMemaeTCfi no OTHOLLieHMio k 
npeAbiAyLA^My Ha oamh aApec naMfiTM, 
cooTBeTCTByioLi^MM 1/2 nceBAOLijyMOBoro 
sneMeHTa bo BpeMeHM. B TeneHMe noKa33HHOM 
noMCKOBOM rpynnbi CHMTbiBaHMfl npoMcxoAMT no 
HanpaBneHMio k 6onee paHHMM CABMraM, 
noKa3aHHbiM AyraMM 404A-404X, c TeneHMeM 
BpeMeHM npoTMB BpeMeHM npOTMB HaCOBOM 
CTpenKM m b HanpaBneHMM, npoTMBonono>KHOM 
BpameHMio yKa3aTena 3anMCM 406. 24 
CHMTbiBaHMfl, npeACTaBneHHbie AyraMM 
404A-404X, o6xoa^t Ayry, noKa3aHHyio noA 
HOMepoM 418. ripoBeAeHMe CHMTbiBaHMM no 
HanpaBneHMio k 6onee paHHMM Bbi6opKaM MMeeT 
to npeMMyu^ecTBO, hto oGecneHMBaeTca 
HenpepbiBHbiM noMCK BHyTpM noMCKOBoro OKHa 
npM peanM3ai^MM kh>kaom noMCKOBOM rpynnbi. 
3to npeMMyu^ecTBO noApo^HO pacKpbiBaeTCfi 

HM>Ke. 

ripM Ka>KAOM M3 CHMTbiBaHMM, 

cooTBeTCTByfoii^MX AyraM ot 404A ao 404X, Ha 
ycTpoMCTBO oKaTMfl 178 noAaeTcyi SKBMBaneHT 
OAHoro 3HaneHMfi cm m Bona yonuja /AaHHbix/. 
CneAOBaTenbHO, CHMTbiBaHMe cooTBeTCTByeT 
oxBaTy 180 rpaAycoB Ha OKpy>KHOCTM 400. 
3aMeTMM, hto b noMCKOBOM rpynne, noK33aHHOM 
Ha c|DMr. 6, nocneAH^fl 3anMCb, 
cooTBeTCTByfOLuafl Ayre 402FF, m nocneAHee 
CHMTbiBaHMe, cooTBeTCTByioLAee Ayre 404X, He 
BioifOHafOT KaKMX-nMOo oGlu,mx aApecoB naMATM 
Ana oSecneneHMfl CMe>KHbix AOCTOBepHbix 
AaHHbix. OAHaKO mo>kho npeAnono>KMTb, hto 
ecnM A^arpaMMa CHMTbiBaHMM m 3anMceM 
npoAon>Kanacb, to ohm b ASMCTBMTenbHOCTM 
nepeceKanMCb 6bi, m b stmx ycnoBMflx Henb3fl 
6bino 6bi o6ecnennTb flocTOBepHbie AaHHbie. 

B GonbLUMHCTBe cnynaeB nepeAaHM 
CMmanoB pe3ynbTaT SKBMBaneHTa sneMeHTa 
AaHHbix noMCKOBOM rpynnbi, nonynaeMbiM b 
TeneHMe BpeMeHHoro SKBMBaneHTa OAHoro 
cm m Bona yonuja, HeAOCTaToneH Ana 
ooecneneHMfl tohhom MHqbopMai^MM o 
pacnono>KeHMM pa3HeceHHbix CMTHanoB. B stmx 
cnynaax noMCKOBaq rpynna MO>KeT 6biTb 
MHoroKpaTHO noBTopeHa. Pe3ynbTaTbi Ana 
sneMeHTOB b nocneAyio^MX noMCKOBbix rpynnax 
coGu^mm cabmtom HaKannMBaioTCfl npoi^eccopoM 
162 pe3ynbTaTOB noMCKa, hto noApo6HO 
pa3"b?icHeHO Aariee. B stom cnynae 3aAaHHbie 
BbiLiie napaMeTpbi noMCKa yKa3biBaioT, hto 
KonMHecTBO CMMBonoB Ana HaKonneHMfl Ha 
Ka>KAOM CABMre paBHO AByM. Ha c|3Mr. 7 
noKa3aHa noMCKOBaa rpynna no cfwr. 6, 
noBTopaeMafl c oahmm m TeM >Ke cabmtom b 
TeneHMe BpeMeHHoro SKBMBaneHTa 

nocneAyK)LU,ero CMMBona yonwa. 3aMeTMM, hto 
Sycpep aHTeHHbix BbioopoK 172 coAep>KMT 
SKBMBaneHT Asyx CMMBonoB yonma, TaK hto 
AaHHbie, Heo6xoAMMbie Ana o6pa6oTKM b 
TeneHMe noMCKOBOM rpynnbi, noKa3aHHOM Ha qbHr. 
7, 6binM 3anMcaHbi Ana noMCKOBOM rpynnbi, 
noKa3aHHOM Ha cpur. 6. B stom KOHcjDMrypai^MM 
OTCToaLAMe Apyr ot Apyra Ha 180 rpaAycoB 
aneMKM naMaTM npeACTaBnaioT oamh m tot >Ke 
nceBAOLuyMOBOM cABMr. 

nocne 3aBepujeHMa AByx noMCKOBbix rpynn 
no cJdmt. 6 m 7 npouecc noMCKa nepexoAMT k 
cneAyioLL^eMy cABMry b noMCKOBOM ome. 
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BeriMHMHa npoflBM>KeHHfl paBHa ninpuHe 
o6pa6aTbiBaeMOM noMCKOBOM rpynnbi h b 
AaHHOM cnynae cocTaBnaeT 12 nceBflowyMOBbix 
oneivieHTOB. LUnpnHa OKHa onpeflermeT, CKoribKO 
cflBuroB noncKOBbix rpynn HeooxoAMMO Ana 
3aBepujeHM5i noncKOBoro OKHa. B flaHHOM 
cnynae Ana nepeKpbiTMa noncKOBoro OKHa 

LUMpMHOM 24 nceBflOLLiyMOBblX 3JieMeHTa 
Heo^xoAMMO ABa pa3Hbix CABura. Ha cpwr.8 
LiinpnHa OKHa noKa3aHa Ayrofi 412. BTopotf 
cflBMr Ana 3Toro noMCKOBoro OKHa HaHMHaeTca 
co CABura, cneAy^LAero 3a nocneAHMM cabmtom 
npeAbiAyLAeM noncKOBOM rpynnbi, m 
npoAonwaeTca BOKpyr tomkm HOMMHanbHoro 
HyneBoro CABura, ycTaHaBnuBaeivioro no 
MecTonorio>KeHMio Hanana nepBOM 3anMcn, 
yKa3aHHOM AyroCi 430A. 3Aecb MMeeTca 24 
3JieivieHTa BHyTpn noMCKOBOM rpynnbi, 
noKa3aHHOM AyraMM 432A-432X, npMHeM caMaa 
oonbinaa m hmx He noKa3aHa. 32 3anncn 
noKa3aHbi AyraMM 430A-430FF. TaKMM o6pa30M, 
nocneAHaa 3anncb, noKa3aHHaa AyroM 430FF, v\ 
nocneAHee CHMTbiBaHne, noKa3aHHoe AyoM 
432X, rpaHMHaT Apyr c ApyroM b oycfcepe 

aHTeHHblX Bbi6opoK 172. 

noMCKOBaa rpynna, noKa3aHHaa Ha cjDMr. 8, 
noBTopaeTca Ha npoTMBononoKHOM dopoHe 
cyc^epa aHTeHHbix BbioopoK 172 noHTM TaK >Ke, 
KaK noMCKOBaa rpynna Ha a>nr. 6 noBTopaeTca 
Ha cfDnr. 7, nocKonbKy napaivieTpbi noncKa 
npeAnncbiBaioT, HTo6"bi Kax<AbiM CMMBon 
HaKannMBanca ABa>Kflbi. riocrie 3aBepLiieHMa 
BToporo HaKonneHMa btopom noMCKOBOM rpynnbi 
MHTerpanbHbiM npoi^eccop noncKa 128 totob 
HanaTb paooTy c APyn/iM noncKOBbiM okhom. 
CneAyfomee noncKOBoe okho MoweT MMeTb 

HOBbIM CABMT, MJ1H MO>KeT onpeAenaTb HOByK) 
aHTeHHy, \aji\a h to m APyroe. 

Ha cjDnr. 8 MecTonono>KeHMe rpaHni^bi MejKAy 
o6nacTbio CHMTbiBaHMa m oonacTbio 3anncn 
6yc£epa OTMeneHO MeTKOM 436. Ha cjDnr. 6 
rpaHML^a OTMeneHa MeTKOM 410. Ci/imar, 
yKa3biBaioLAHM TOHKy bo BpeMeHM, 
cooTBeTCTByiOLAyio MeTKaM 410 m 436, 
Ha3biBaeTca orpoooM CMemeHHoro CMMBona 
yoriLLia, KOTopbiM TaioKe noKa3biBaeT, hto 
noaBMnca aKBUBaneHT HOBoro cuMBona Yonuja 
BbioopoK. KorAa noncKOBbie rpynnbi BHyipn OKHa 
npoABuraioTC^ k 6onee paHHMM CABMraM, 
rpaHML^a Me>KAy oonaoraMM oycftepa Ana 
CHMTbiBaHMP m Ana 3anMCM noBopaMMBaeTCfi Ha 
mare cjDMKcai^MM npoTMB nacoBOM orpenKM, KaK 
noKa3aHO Ha cjDnr.8. Ecnn nocne 3aBepiueHMq 
TeKymero noncKOBoro oma TpeSyeTca GoribLiioe 
M3MeHeHne b o6pa6aTbiBaeMOM CABure, to 
dpo6 CABMHyToro cm m Bona Yonuja mo>kot 6biTb 
npoABMHyT Ha 6oribLJjyfo nacTb OKpy>KHOCTM 

L|MKTia. 

0Mr. 9 AaeT rpacjDMHecKoe npeACTaBneHne 
npoL^ecca noncKa bo BpeMeHi/i. BpeMfl 
OToGpaxaeTCfi b eA^HMi^ax cmmbojiob Yofiuja no 
ropn30HTaribHoti ocm. Aflpeca 6yc|Depa aHTeHHbix 
BbiGopoK 172 m aApeca 6yc{)epa 176 ncn 
noKa3aHbi no BepTHKaribHOM ocm Taioxe b 
eAMHML4ax cmmbojiob YonLua. nocKonbKy Gycjoep 
172 aHTeHHbix Bbi6opoK MMeeT eMKOCTb ABa 
CMMBoria Yoniua, to aApecaL^a 6ycf)epa 172 
aHTeHHbix Bbi6opoK oxBaTbiBaeT rpaHMUbi 
neTHoro cm m Bona Yonwa, ho Ha cf)Mr.9 Ana 
npMMepa noKa3aHbi aApeca nepeA mx CBepTKOM 
oamh noBepx Apyroro. BbiGopKM 3anMCbiBafOTC?i 
b 6ycjDep 172 aHTeHHbix BbioopoK no aApecy, 
B3^TOMy HenocpeACTBeHHO c MOMeHTa, KorAa 
ohm 6binM nonyneHbi, TaK hto yKa3aTenb 3anMCM 
181 b Syqbepe 1 72 aHTeHHbix Bbi6opoK 
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npeACTaBnaeT cooom npaiy/iyK) c HaKnoHOM copoK 
n?iTb rpaAycoB. 06pa6aTbiBaeMbiM cab Mr 
OTo6pa>KaeTC5i b 6a30BbiM aApec b 6ycjDepe 1 74 
aHTeHHbix Bbi6opoK Ana Hanana CHMTbiBaHMa 
cm m Bona Yonnia Bbi6opoK Ana oAHoro aneivieHTa 
noMCKOBOM rpynnbi. SneivieHTbi noxa3aHbi Ha 
cjDnr. 9 b BMAe npaKTMHecKM BepTMKanbHbix 
riMHeMHbix cerivieHTOB yKa3aTeneM CHMTbiBaHMa 
192. Ka>KAbiM aneMeHT OTo6"pa>KaeTC?i b cm m Bon 
Yomua no BbicoTe, o6o3HaneHHOM Ha 
BepTMKanbHOM ocm, m b 1/32 cm m Bona Yomua, 
yKa3aHHoro no ropn30HTanbHOM ocm. 

npoivie>KyTKM no BepTMKanM Me>KAy 
sneivieHTaMM noMCKOBOM rpynnbi o6ycnoBneHbi 
BxoAHbiM KacKaAOM 1 22 AeMOAynaTopa, 
npepbiBaioLi^MM npoi^ecc noMCKa, HTo6bi 
Mcnonb30BaTb npoi4eccop BnA 120. Bxoahom 
KacKaA 122 ASMOAynaTopa cjDyHKi^MOHMpyeT b 
peanbHOM BpeiweHM m MMeeT HaMBbicmMM 
npMopMTeT Ha Mcnonb30BaHMe npoueccopa BriA 
120, BcaKMM pa3 KorAa oh MMeeT TeKyi^MM MnM 
onepeAHOM Ha6op A^HHbix Ana oCpaooTKM. 
CneAOBaTenbHO, o6bNHO BXOAHOMy KacKaAy 
122 ASMOAynaTopa npeAOCTaBnaeTca 
B03MO>KHOCTb Mcnonb30BaHMa npoi^eccopa BriA 
120 Ha rpaHMi4e Kax<Aoro cm m Bona Yonuja, 
cooTBeTCTByioLAeM CABMry nceBAOiuyMOBoro 
cMmana, KOTopbiM AeMOAynMpyeTca BxoAHbiM 
KacKaAOM 122 ASMOAy-naTopa. 

Ha cf)Mr. 9 noKa3aHbi Te >Ke caMbie 
noMCKOBbie rpynnbi, hto m Ha cpMr. 6, 7 m 8. 
HanpMMep, noMCKOBaa rpynna 194 MMeeT 24 
sneMeHTa, Ka>KAbi m M3 kotopnx cooTBeTCTByeT 
oahom M3 Ayr 404A-404X Ha cjDMr.6. Ha cjDMr.9 
Ana noMCKOBOM rpynnbi 194 yKa3aTenb 410 
noKa3biBaeT CTpo6 CABMHyToro cm m Bona Yonma, 
cooTBeTCTByioLAMM aHanorMHHOMy yKa3aTemo Ha 
cjDMr. 6. flna CHMTbiBaHMa TeKymMX BbioopoK 
Ka>KAbiM sneMeHT noMCKOBOM rpynnbi Aon>KeH 
HaxoAMTbca HM>Ke yKa3aTena 3anMCM 181. 

HaiOIOH BHM3 SneMeHTOB BMeCTe C nOMCKOBOM 

rpynnoM yKa3biBaeT LiiarM k Gonee paHHMM 
BbioopKaM. rioMCKOBaa rpynna 195 
cooTBeTCTByeT noMCKOBOM rpynne, noK33aHHOM 
Ha cf)Mr. 7, a noMCKOBaa rpynna 196 
cooTBeTCTByeT noMCKOBOM rpynne, noK33aHHOM 

Ha CjDMT. 8. 

B noMCKOBOM OKHe, onpeAeneHHOM 
BbiiueyKa3aHHbiMM napaMeTpaMM, onpeAeneHbi 
TonbKO 24 sneMeHTa Ha oflHy noMCKOByfo rpynny, 
xoTa A^HHaa noMCKOBaa rpynna MMeeT 32 
AOCTynHbix MHTepBana BpeMeHM. Ka>KAbiM 
sneMeHT Mox<eT 6biTb o6pa6oTaH b TeneHMe 
OAHoro MHTepBana BpeMeHM. Oah3ko 

npaKTMHeCKM HeB03MO>KHO yBenMHMTb 

KonMHecTBO sneMeHTOB Ha OAHy noMCKOByio 
rpynny ao 32, HToGbi cornacoBaTb KonMHecTBO 
KBaHTOB BpeMeHM b TeneHMe noMCKOBOM rpynnbi. 
Bxoahom KacKaA 1 22 ASMOAynaTopa Mcnonb3yeT 
HeKOTopbie M3 MMeioLAMXca MHTepBanoB 
BpeMeHM npoL^eccopa BriA. HMeeTca TaioKe 
BpeMeHHaa 3aAep>KKa, CBa3aHHaa c 
npoABM>KeHMeM noMCKOBOM rpynnbi, KorAa 
npoL^eAypa CHMTbiBaHMa Aon>KHa o>KMAaTb 
ocymecTBneHMa onepaL4MM 3anMCM, HToGbi 
3anonHMTb 6ycjDep AOCTOBepHbiMM A^HHbiMM Ana 
HOBoro CABMra. TaioKe HeoGxoAMM HeKOTopbiM 
3anac Ana CMHxpoHM3ai4MM c MHTepBanoM 
BpeMeHM rpaHMi_|bi oGpaGoTKM nocne 
o6Hapy>KeHMa CTpo6a CABMHyToro cm m Bona 
Yonuja. Bee stm 4)aKTopbi orpaHMHMBaioT Ha 
npaKTMKe KonMHecTBO sneMeHTOB, KOTopbie 
MoryT 6biTb o6pa6oTaHbi b oahom noMCKOBOM 
rpynne. B HeKOTopbix cnynaax KonMHecTBO 
aneMeHTOB Ha OAHy noMCKOByio rpynny Mox<eT 
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6biTb yBejinneHO, Hanprnviep, ecru bxoahom 
KacKa,q 122 fleMOflyn?rropa MMeeT TonbKO oamh 
npucBoeHHbiM fleMOflyni/ipyiOLijHCi sneMeHT m, 
cneflOBaTenbHO, npepbiBaeT npou,eccop EI1A 
1 20 oflMH pa3 3a noMCKOByio rpynny. 
CneAOBaTenbHO, b npeflnoMTMTeribHOM 
BapnaHTe KonMHecTBO aneMeHTOB Ha noMCKOByio 
rpynny peryrnpyeTcq MMKponpou,eccopoM 
KaHaribHoro 3JieivieHTa 136. B anbTepHaTMBHbix 
BapnaHTax KonnMecTBO oneiy/ieHTOB Ha oflHy 
noncKOByio rpynny MO>KeT 6biTb nocTOAHHOM 

Cj^MKCMpOBaHHOM BeJIUHMHOM. 

TaiOKe MO>KeT MMeTb MecTO 3HaHMTenbHaa 
AonorHMTejibHap 3aflep>KKa npn KOMMyTau,MM 

3HT6HH HCTOHHMKOB Ha BXOfle B OyCpep Bbl6opOK 

urn M3MeHeHnn tohkm Hanana noncKOBoro OKHa 
uriM HHTepBana Me>KAy noncKaiviM. Ecjim oflHa 
noMCKOBafl rpynna TpeoyeT KOHKpeTHbiM Haoop 
BbiGopoK, a cneAyfOLi^aji rpynna Ann Apyrofi 
aHTeHHbi Tpe6yeT ncnorib30BaHMe 

nepeKpbiBaioLneMCfi nacTM 6ycf)epa, to 
cneAywLi^afl rpynna flori>KHa OTcpoHMTb 
o6pa6oTKy, noKa He noaBMTca cneAyfom,aa 
rpaHML^a CABUHyToro cuMBona Yonuja, c 
MOMeHTa noEBneHME kotopom 6yfleT MMeTbca 

3aKOHHeHHblM CMMBOJ1 YOJlLLia BblOOpOK flnfl 

HOBoro aHTeHHoro mctohhmio. Ha cfwr. 9 
noncKOBaa rpynna 198 oGpaoaTbiBaeT flaHHbie 
ot Apyrofi aHTeHHbi, no cpaBHeHi/iio c aHTeHHOM 
Ana noncKOBOM rpynnbi 197. l~opM30HTanbHa£ 
jiMHMfl 188 yKa3biBaeT oonacTb naMATM, 

COOTBeTCTByfOLHyHD BXOAHbIM BblOOpKaM HOBOM 

aHTeHHbi. OTMeTMM, hto noncKOBbie rpynnbi 197 
n 198 He ncnorib3yioT KaKne-nn6o oGii^e 
o6nacTM naMHTM. 

flna Ka>KAoro MHTepBana BpeMeHM b 6yc|Dep 
BbiGopoK flon>KHbi 3anncbiBaTbc?i Asa aneMeHTa 
yoriLLia, a M3 oycftepa BbioopoK MO>KeT 6biTb 

CMHTaH OflMH nOJlHblM CUMBOfl Yonuja. B 

npeAnoHTHTeribHOM BapnaHTe b TeneHMe 
Ka>KAoro MHTepBana BpeMeHM MMeeT MecTO 64 
TaKTOBbix i^MKna. noriHbiM sneiweHT yonuja M3 
Bbioopox coflep>KMT neTbipe Haoopa BbioopoK: 
TeKymne 1-KaHaribHbie Bbi6opKM, npe>KHne 
1-KaHanbHbie BbioopKM, TeKym^e Q-KaHanbHbie 
BbiGopKM i/i npe>KHMe Q-KaHaribHbie BbioopKM. B 
npeflnoHTMTeribHOM BapMaHTe Ka>Kflaa BbioopKa 
coctomt M3 HeTbipex 6mt. CneAOBaTenbHO, 3a 
oamh TaKTOBbiM MMnynbc ot 6yqbepa aHTeHHbix 
BbiGopoK 172 TpeGyeTcs LuecTbflecflT neTbipe 
6nTa. Mcnorib3yp oflHonopTOBoe 03Y, caMbiM 
npocTOM BapnaHT oyqbepa yflBaMBaeT LunpuHy 
cnoBa ao 128 6mt m pacm,ennaeT 6ycfcep Ha flsa 
64-GnTOBbix 0Tpe3Ka /64-^MTOBoro cnoBa/ b 
BMAe 6yc|DepoB 168,170 Arm He3aBMCMMoro 
CHMTblBaHMfl/3anMCM HeTHblX M HeneTHbix 

sneivieHTOB YojiLua. 3aTeM 3anncM, 
nocTynaioLUMe b 6ycjDep c ropa3flo MeHbwew" 
nacTOTOM, MyribTMnneKCMpyioTCfl Me>KAy 
onepai^MfiMM CHMTbiBaHnq, KOTopbie 
ocymecTBTiyiioT nepeKruoneHne Me>KAy AByMfl 
GaHKaMM A^HHbix Ha nocneAOBaTeribHbix 

T3KT0BblX L^UKTiaX. 

CHMTblBaHMe Bbl6opOK SJieMeHTOB YoriLua M3 

neTHbix m HeneTHbix oycfrepoB 168,170 
sneMeHTOB YoriLija MMeeT npoM3BoribHoe 

BbipaBHMBaHMe no OTHOLLieHMIO K Cf)M3MHeCKOMy 
BbipaBHMBaHMIO cnoBa b 03Y. nosTOMy npM 
nepBOM CHMTbiBaHMM MHTepBana BpeMeHM o^e 

nOJlOBMHbl CHMTblBaiOTCfl B yCTpOMCTBO OK3TMJ1 

178, o6pa3y?i okho lumpmhom b flBa sneMeHTa 
YoriLija, M3 KOToporo nojiynaeTCfl oamh sneMeHT 
YoriLua c BbipaBHMBaHMeM no TeKyu^eMy cflBMry. 
flnfl noMCKOBbix CABMroB neTHbix sneMeHTOB 
yonuja aApec 6yqbepa ati^ neTHoro m HeneTHoro 
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sneMeHTOB YoriLua Ana nepBoro CHMTbiBaHMfi 

OflMH M TOT >Ke. flflfl CflBMrOB HeneTHbix 

sneMeHTOB Yonuja neTHbiM aflpec atia nepBoro 
CHMTbiBaHMJi cflBMraeTC^ Ha eflMHMi^y ot 
HeneTHoro aflpeca, o6ecneHMBaa Hanario 
nocfieflyfOLi^ero sneMeHTa YonLLia ot HeneTHOM 
nonoBMHbi 6ycf)epa Bbi6opoK. flononHMTeiibHbie 
sneMeHTbi YojiLua, HeoSxoAM m bie Ana 
ycTpoMCTBa OKaTMfl 178, MoryT ObiTb noAaHbi Ha 
Hero nocpeACTBOM CHMTbiBaHMfi M3 OAHoro 
6ycjDepa sneMeHTOB Yoniua. flanee 
nocjieAywLi^Me cHMTbiBaHMfl BcerAa 
oGecneHMBaioT oGHOBneHHoe okho ljjmpmhom b 
ABa oneMeHTa yonuja, M3 KOToporo M3BneKaeTC^ 
sneMeHT YonLua, BbipoBHeHHbiM c 
06pa6aTbiBaeMbiM b TeKymMM MOMeHT cabhtom. 

CornacHO c^nr. 5, flna Kax<floro sneMeHTa b 
noMCKOBOM rpynne b npoi^ecce OKaTMfl 
Mcnoiib3yeTC5i oamh m tot >xe cmmboji YojiLua 
ncn M3 oycftepa 176 ncn. flrifl Ka>KAoro 
TaKTOBoro i^MKna b MHTepBane BpeMeHM 
HeooxoflMMbi neTbipe napu nceBflOLuyMOBbix 
Bbi6opoK I'-KaHana u Q'-KaHana. npM 
Mcnorb30BaHMM OAHonopTOBoro 03Y LUMpMHa 
cnoBa yABaMBaeTca m CHMTbiBaeTC^ M3 
nonoBMHbi oyc|Depa MHoroKpaTHoro. 3aTeM b 
i^MKne, He Mcnojib3yeMOM ati^ CHMTbiBaHMfl, 
BbinoriHfleTCfl eAMHMHHaa 3anMCb b Gycf)epe 176 
ncn, Tpe6yeMaa An^ OAHoro MHTepBana 
BpeMeHM. 

nocKOTibKy npoi^ecc noMCKa MoxeT 
onpefleriMTb noMCK cflBMroB nceBfloiuyMOBoro 
CMmara ao AByx cmmbojiob Yojiuja, 
3aAep>KaHHbix OTHOCMTeribHO TeKyu^ero 
MOMeHTa, to Aon>KeH 3anoMMHaTbca SKBMBaneHT 
HeTbipex cmmbojiob YofiLiia ncn. B 
npeflnoHTMTeribHOM BapMaHTe Sycpep 176 ncn 
npeflCTaBnqeT co6om 03Y eMKOCTbio 128 cjiob 
Ha 16 6mt. TpeGyeTca neTbipe cmmboji a Yonuja, 
nocKoribKy HaHaribHbiM cabmt MO>KeT M3MeH^Tbc?i 
Ha 2 CMMBona Yornua, m KOJib CKopo BbiSpaH 
HanaribHbiM cabmt, 3KBMBaneHT OAHoro CMMBona 
Yojiuja ncn HeoGxoAMM Ana KopperumMM, hto 
03HanaeT, hto atia npou,ecca OKaTMfl 
HeoGxoAMMO MMeTb SKBMBaneHT Tpex cmmbojiob 
Yonuja. nocKoribKy OAHa m Ta >Ke ncn 
Mcnorib3yeTC5i MHoroKpaTHO, flaHHbie b 6y4)epe 
176 ncn He MoryT 6biTb nepenMcaHbi bo BpeMfi 
npoLJ,ecca oxaTMfi, cooTBeTCTByioLi^ero oahom 
noMCKOBOM rpynne. CneAOBaTenbHO, 
Heo6xoAMMO MMeTb SKBMBaneHT OAHoro 
flononHMTenbHoro cm m Bona Yonuja b naMfiTM 
Ana 3anoMMHaHMq A^HHbix ncn npM mx 
reHepau,MM. 

flaHHbie, KOTopbie 3anMCbiBaioTCfi b 6yc(Dep 
176 ncn m 6yapep 172 aHTeHHbix BbiSopoK, 
o6ecneHMBaioTC5i bxoahhm KacKaAOM 
ycTpoMCTBa noMCKa 174. BnoK-cxeMa BXOAHoro 
KacKaAa ycTpoMCTBa noMCKa 74 noKa3aHa Ha 
cjDMr. 10. Bxoahom KacKaA ycTpoMCTBa noMCKa 
174 BKnionaeT b ceGa reHepaTopbi I m Q-ncn 
202, 206 KopoTKoro KOAa m reHepaTOp ncn 
nonb30BaTen?i 204 AnMHHoro KOAa. 3HaneHM?i, 
BbiAaBaeMbie reHepaTopaMM I- m Q-ncn 202, 
206 KopoTKoro KOAa m reHepeTop ncn 
nonb30BaTenyi 204 AHMHHoro KOAa nacTMHHO 
onpeflenflioTCfl BpeMeHeM cyTOK. Ka>KAafi 
6a30Baa CTaHU,Mq MMeeT yHMBepcanbHbiM 
CTaHAapT CMHxpoHM3au,MM, HanpMMep, GPS 

CMHXpOHM3ai4MIO flTl^ C03AaHMJ1 

CMHxpoHM3MpyioLJ4ero CMrHana. Ka>Kflafl 6a30Ba?i 
CTaHU,Mfl TaiOKe nepeflaeT b 3cf)Mp 
CMHxpoHMSMpyfom.MM ckimaji Ha yflaneHHbie 

yCTpOMCTBa paflMOCBfl3M. Ha 6a30BOM CTaHU,MM 
OnopHbie CMHXpOHM3MpyfOLU,Me CMTHanbl MMeiOT 
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HyneBOM cflBMr, nocKonbKy ohm HacTpoeHbi Ha 
onopHbie cwn-ianbi BceMMpHoro BpeMeHM. 

BbixoAHOM cm man reHepaTopa ncn 
nonb30BaTena 204 AnMHHoro KOfla 
noABepraeTca norM^ecKOM onepai4MM 
"MCKntonajoL^ee HUM" BMecTe c BbixoAHbiM 
CMmanowi reHepaTopoB I- m Q-ncn 202,206 

KOpOTKMX KOflOB C nOMOLAbK) norMHGCKMX 

sneivieHTOB XOR /"MCKmonaiOLnee MJ1H7 208 m 
210 cooTBeTCTBeHHO. /TaKOM >Ke npoL^ecc 
ocymecTBnfleTca TaioKe m b yAaneHHOM 
ycTpoMCTBe paAMOCBfl3M 3 m BbixoAHOM cm man 
Mcnonb3yeTca Ana MOflynfli^MM CMmana, 
nepeAaBaeMoro yflaneHHbiM ycipoMCTBOM 
paAMOCB?i3M/. BbixoflHOM CMman norMHecKMX 
aneivieHTOB XOR 208 m 210 3anoMMHaeTCfl b 
nocneAOBaienbHO-napannenbHOM cabmtobom 
perncTpe 212. 

nocneAOBaTenbHO-napannenbHbiM CABMroBbiM 
perMCTp 212 6yc^epM3MpyeT 

nocneAOBaienbHOCTM ao niMpMHbi cycpepa 176 
ncn. 3aTeM BbixoflHOM CMman 
nocneAOBaienbHO-napannenbHoro CABMroBoro 
perMCTpa 212 3anMCbiBaeTca b oycjDep 176 ncn 
no aApecy, KOTopbiM 6epeTcn c onopHOM 
OTMeTKM BpeMeHM c HyneBbiM cabmtom. TaKMM 
o6pa30M, bxoahom KacKaA ycipoMCTBa noMCKa 
174 noAaeT nocneAOBaTenbHbie 

nceBAOLiiyMOBbie AaHHbie b 6ycJ)ep 176 ncn. 

Bxoahom KacKaA ycipoMCTBa noMCKa 1 74 
noAaeT TaioKe aHTeHHbie BbiGopKM b 6ycpep 1 72 
aHTSHHbix BbioopOK. BbioopKM npMeiwa 118 

OT^MpafOTCfl C OAHOM M3 MHOKSCTBa aHTeHH 

MynbTMnneKcopa 216. OTo6"paHHbie BbioopKM 
npMeivia noAaioTCfl Ha KmoneByio cxeiviy c 

CjDMKCai^MeM COCTOflHMfl 218, r/je OHM 

npope^MBaioTCfl, hto 03HanaeT, hto OAHa 
HeTBepTb Bbi6opoK OT^MpaeTCJi Ans 
Mcnonb30BaHMfl b npoL^ecce noMCKa. BbiGopKM 
npMeivia 118 6binM OTodpaHbi c BocbMMKpaTHOM 
nacTOTOM nceBAOLuyMOBbix aneivieHTOB 
aHanoroBbiM npMeivionepeAaTHMKOM 116 /no 
cjDMr.4/. OGpaooTKa comacHO anropMTMy noMCKa 
npeAHa3HaneHa Ana BbiGopoK, OTGMpaeMbix c 
nonoBMHHOM nacTOTOM nceBAOLiiyMOBbix 
sneivieHTOB. CneAOBaTenbHO, b 6yc£ep 172 
aHTeHHbix BbiSopoK Aon>KHa npoxoAMTb TonbKO 
HeTBepTb npMHMMaeivibix Bbl6opOK. 

Bnxoahom CMman KnioneBOM cxeMbi c 
cjDMKcaL4MeM cocTOAHMfl 218 noAaeTca b 
nocneAOBaTenbHO-napannenbHbiM CABMroBbiM 
perMCTp 214, KOTopbiM 6yc|DepM3MpyeT Bbi6opKM 
AO niMpMHbi 6ya>epa 172 aHTeHHbix BbioopoK. 
3aTeM BbiGopKM 3anMCbiBaioTCfl b 6y<£epax 
neTHbix m HeneTHbix sneivieHTOB Yonuja 168,170 
no aflpecaM, KOTopbie TaK>Ke oepyTca c onopHOM 

OTMeTKM BpeMeHM C HyneBbiM CABMrOM. TaKMM 
CnOCOOOM yCTpOMCTBO OKaTMfl 1 78 MO>KeT 
CMHXpOHM3MpOBaTb A^HHbie 3HTeHHblX BblOOpOK 
C H3BeCTHblM CflBHTOM no OTHOLLieHUKD K nCn. 

B cooTBeTCTBMM c cj^MT. 5, b TeneHMe 
Ka>KAoro TaKTOBoro i^MKna b MHTepBane BpeMeHM 
ycTpoMCTBO OKaTMfl 178 OTOMpaeT sneMeHT 
Yonuja aHTeHHbix BbioopoK M3 6ycf)epa 172 
aHTeHHbix BbioopoK m cooTBeTCT By io in m m Haoop 
3HaneHMM ncn M3 6yc|Depa 176 ncn m bnboamt 
I- m Q-KaHanbHbiM sneMeHT Yonwa b npoi^eccop 
5I1A nepe3 MynbTHnneKcop 124. 

Ha ^dmt. 1 1 noKa3aHa noApooHaa 6noK-cxeMa 
ycTpoMCTBa ©KaTMfl 178. KmoneBaa cxeMa c 
cjDMKcaL4MeM cocTOAHM?) 220 Ana HeTHblX 
aneMeHTOB Yonnia 220 m KntoneBafl cxeMa c 
cjDMKcai^MeM coctoahma 222 Anfl HeneTHbix 
aneMeHTOB Yonuja cjDMKCMpyeT A^HHbie ot 
6yc£epa 1 68 neTHbix aneMeHTOB Yonuja m 
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6yc£epa 1 70 HeneTHbix sneMeHTOB Yonuja 
cooTBeTCTBeHHO. BnoK MynbTMnneKCopoB 224 
BbiAenaeT aneMeHT Yonnia BbioopoK, 
noAne>KaLi^MX Mcnonb30BaHMio, M3 SKBMBaneHTa 
AByx sneMeHTOB Yonma BbiGopoK, 
npeACTaBnaeMbix KmoneBbiMM cxeMaMM c 
cj^MKcai^MeM cocTOAHMfl 220 m 222 Ana neTHbix m 
HeneTHbix aneMeHTOB Yonuja. JlorMHecKMM 6noK 
BbiGopa 226 MynbTMnneKcopa onpeAenaeT 
rpaHML^y OToSpaHHoro oneMeHTa YonLna Ha 
ocHOBe cflBMra oopaGaTbiBaeMoro 3neMeHTa 
noMCKOBOM rpynnbi. SneMeHT Yonwa BbiBOAMTcn 
Ha GnoK cxeM "MCKnioHaioL^ee HJ1H" ycTpoMCTBa 
OKaTMfi /K^Mh/ 228 CMmana c KBaApaTypHOM 
cj3a30Bofi MaHwnyn?ii4nefi. 

3HaMeHMfl ncn M3 Gycpepa 176 ncn 

CjDMKCMpyiOTCFI KniOHeBOM CXeMOM C Cf)MKCaL4MeM 

cocTOAHMfl 234 Ana ncn. MHoroperMCTpoBoe 
L^MKnMHecKoe CABMroBoe ycTpoMCTBO 232 
CABMraeT BbixoAHOM cm man KmoneBOM cxeMbi c 
cjDMKcai_|MeM 234 Ha ocHOBe CABMra 
oGpaGaTbiBaeMoro aneMeHTa m noflaeT ncn b 
6noK cxeM "MCKmonaioLi^ee HJ1H" ycTpoMCTBa 
OKaTMfl 228 KOMh, rAe ocyLi^ecTBn^eTCfl 
ycnoBHoe MHBepTMpoBaHMe aHTeHHbix BbioopoK 
Ha ocHOBe ncn. 3aTeM 3HaHeHM?i, 
nonyHMBUJMecfl nocne onepai^MM "MCKnjoHajoLi^ee 
MJ11/1", cyMMMpyioTca nocpeACTBOM AepeBa 
cyMMaTopoB 230, KOTopoe BbinonH^eT 
onepai^Mio cyMMMpoBaHM^ b npoi^ecce OKaTMa 
KOMh m 3aTeM cyMMMpyeT BMecTe neTbipe 
BbixoAa OKaTbix sneMeHTOB, o6pa3y^ aneMeHT 
Yoniua flna BBOfla b npoi4eccop BnA 120. 

B cooTBeTCTBMM c cfwr.5, npoi^eccop BnA 
120 nonynaeT ot ycTpoMCTBa OKaTMfl 178 nepe3 
MynbTMnneKcop 124 64 sneMeHTa Yoniua m, 
Mcnonb3y?i 6-CTyneHHaTyio peujeTKy, 
KoppenMpyeT stm LiiecTbAecfiT neTbipe BXOAHbie 
BbiGopKM c Kax<AOM M3 LuecTMAecfiTM HeTbipex 
cjDyHKL|MM Yonuja b MHTepBane BpeMeHM M3 
LuecTMAecflTM neTbipex TaKTOBbix i4MKnoB. fln?i 
onpeAeneHMfi CMTHana Koppenf^MM c 
HaMoanbLueM 3HeprMeM ot npoi^eccopa BnA 120 
MO>KeT SbiTb Mcnonb30BaH A^TeKTop MaKCMMyMa 
160. Bnxoahom CMman A^TeKTopa MaKCMMyMa 
160 noAaeTCfl Ha npoi^eccop pe3ynbTaTOB 
noMCKa 1 62, ^Bn^ioLnerocjR nacTbio 
MHTerpanbHoro npoi4eccopa noMCKa 128. 

npoi^eccop pe3ynbTaTOB noMCKa 162 
noApo^HO npeACTaBneH Ha cjDMr. 12. npoi4eccop 
162 TaioKe pa6oTaeT b pe>KMMe KBaHTOBaHM^ 
BpeMeHM. nocTynatoLUMM Ha Hero ynpaBnfltoinMM 
CMman noABepraeTC^ KOHBeMepHOM 3aAep>KKe 
Ana cornacoBaHM?i c 3aAep>KKOM b Asa 
MHTepBana BpeMeHM ot Hanana BBOAa 
sneMeHTOB Yonuja b npoL4eccop BnA 120 ao 
nonyneHMfi BbixoAHoro CMmana MaKCMManbHOM 
SHeprMM. KaK o6-b^CHfinocb Bbiwe, Ha6op 
napaMeTpoB noMCKOBoro OKHa MO>KeT 
npeAnMCbiBaTb, Karae KonMHecTBO 

SKBMBaneHTOB CMMBonoB Yonuja A^HHbix 6bino 
HaKonneHO, npe>KAe neM 6yAyT o6pa6oTaHbi 
pe3ynbTaTbi BbiopaHHoro CABMra. npM 
napaMeTpax, Mcnonb3yeMbix b npMMepax no 
cjDnr. 6,7,8 m 9, KonMHecTBO CMMBonoB Anfi 
HaKonneHMfi paBHO 2. npoi^eccop pe3ynbTaTOB 
noMCKa 162, HapfiAy c ApyrMMM c^yHKL^MAMM, 
BbinonHfieT 4)yHKi4Mio cyMMMpoBaHMq. 

KorAa npoL^eccop pe3ynbTaTOB noMCKa 162 
cyMMMpyeT nocneAQBaTenbHO nocTynawL^Me 
CMMBonbi Yomua, oh Aon>KeH 3anoMMHaTb 
HaKonneHHyio cyMMy Ana Ka>KAoro sneMeHTa b 
noMCKOBOM rpynne. 3tm HaKonneHHbie cyMMbi 
3anoMMHaioTCfi b 03Y HaKonneHMfl CMMBonoB 
Yonnia 240. Pe3ynbTaTbi no Kax<AOM noMCKOBOM 
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rpynne BBOAflTCfl b cyMMaTop 242 ot fleKOflepa 
MaKcuiviyMa 1 60 Ana Ka>Kfloro aneivieHTa. 
CyMMaTop 242 cyMMnpyeT cymecTByioiUMM 

pe3yflbTaT C COOTBeTCTByKOLUMM 

npoMe>KyTOHHbiM 3HaneHMeM, MMeiOLUMMcn b 
03Y HaKonneHna CMMBonoB Yonwa 240. I~lpn 
HaKonneHMM nocneAHero CMMBona Yonwa Arm 
Ka>Kfloro 3neMeHTa iioi/ickobom rpynnbi 
npoMe>KyTOHHbiM pe3ynbTaT CHUTbiBaeTca H3 
03Y HaKonneHMfi cmmbojiob YoJiLua 240 v\ 
cyMMMpyera c noMombio cyMMaTopa 242 c 
KOHe^HOM SHeprneM ot 3Toro arieMeHTa 
nonyneHna nocneAHero pe3ynbTaia noncKa An* 
AaHHoro cflBura aneMeHTa. 3aTeM pe3ynbTaTbi 
noncKa cpaBHMBaioTCfl c HannyHLUHMM 
pe3yribTaTaMM, nonyneHHbiMM npn noMCKe ao 
Toro MOMeHTa, KOTopbiM 6yAeT noacHeiH hMwe. 

B BbiweynoMflHyTOM oflHOBpeivieHHO 
paccMaTpuBaeMOM naTGHTHOM 3aaBKe CLUA N 
08\ 144902 b npeflno^TMTeribHOM BapnaHTe 
sneMeHTbi AeMOAyn^L^MM pacnpeflenqfOTCP Ha 
ocHOBe nyHLUMX pe3ynbTaTOB, nonyneHHbix npn 
noncKe. B flaHHOM npeAnoHTHTenbHOM BapnaHTe 
b perncTpe nyniuMX pe3ynbTaTOB 250 
3anoMMHaeTca BoceMb nynniMX pe3yribTaTOB. IB 
ApyrMx BapnaHTax Mo>KeT 3anoMHHaTbc?i 
MeHbwee i/ijim GoribLuee KOJinnecTBO 
pe3yribTaTOB/. PerncTp npoMe^TOHHbix 
pe3yribTaTOB 164 3anoMMHaeT nuKOBbie 

3H3HeHM£l M MX COOTB8TCTByHDIHMM paHTOBblM 

nopfiAOK. Ecru aHeprnfl TeKymero noMCKa 
npeBbiLiiaeT no MeHbweM Mepe oaho M3 
3HaneHMM 3Hoprnn b perMCTpe npoMe>KyTOHHbix 
pe3yribTaT0B, to non/NecKMM 6tiok ynpaBneHns 
npoi4eccopoM npoM6>KyTOHHbix pe3yribTaTOB 254 
OTGpacbiBaeT BocbMOM nyHLUMM pe3ynbTaT b 
perncTpe npoMe>KyTOHHbix pe3yribTaTOB 164 v\ 
BCTaBfifieT HOBbiM pe3ynbTaT BMecTe c 

COOTBeTCTByiOLAMM paHTOM, CAB M TOM 

nceBflOLLiyMOBoro curHana n aHTeHHOM, 
cooTBeTCTByioLAeM A^HHOMy pe3yribTaTy 
sneMeHTa iiomckobom rpynnbi. Bee pe3ynbTaTbi c 
MeHbLUMM paHroM noHM>KaioTCfi Ha oamh paHr. 
Cnei4i/iariMCTaM M3BecTHO oonbLuoe hmcjio 
cnocoDOB, ooecneHMBaiowMX TaKoro pofla 
copTMpoBKy. B paMKax o6"-beMa AaHHoro 

M306peTeHM?1 M0>K6T 6blTb MCnOflb30BaH Tlf060M 
H3 HHX. 

npoL^eccop pe3yribTaTOB noncKa 1 62 nivieeT 
cjDMfibTp noKaribHoro nMKa, coflep>KaLAMM b 
ochobhom CBoefi HacTM KOMnapaTop 244 n 

KJlKDHeByK) CXeMy C CjOMKCaL^I/ieM COCTOflHMfl 

npeAbiAyLAero 3HaneHMfl SHeprnn 246. OnribTp 
noKaribHoro nuKa, ecnn oh BKmoneH, 3anpeLH,aeT 
o6HOBneHne perncTpa npoMe>KyTOHHbix 
pe3yribTaTOB 164, fla>Ke Korfla 3Hepn/m, 
onpeAerieHHafl b pe3ynbTaTe noncKa, AaeT 
npaBO Ha sto, ecrin pe3yribTaT noncKa He 
npeACTaBJiaeT noKanbHbifi nuK MHoronyHeBoro 
pacnpocTpaHeHnq. TaKMM nyTeM cfwnbTp 
rioKanbHoro nuKa npeAOTBpaLU,aeT bboa 
CMJibHoro, ho M pa3Ma3aHHoro" MHoronyHeBoro 
M3nyHeHMfl b perMCTp npoMe>KyTOHHbix 
pe3yribTaTOB 164, hto b npoTMBHOM cnynae He 
ocTaBuno 6bi iwecTa Ana Sonee cna6bix, ho 
OTHeTfiMBbix curHanoB MHoronyHeBoro 
M3nyHeHMfl, KOTopbie MoryT 6biTb 6onee 
BepHbiMM KaHAHA^TaMM Anq ReMopynnuy\)A. 

Peann3aL^nyi c(DnnbTpa noKaribHoro nuKa 
A0CT3T0HH0 npocTa. 3HaHeHne SHeprnn 
cyMMnpoBaHMfl npeAbiAy^ero sneMeHTa 
noncKOBOM rpynnbi 3anoMMHaeTCfl b KJiiOHeBOM 
cxeiwe c cjDMKcaL^neM cocto^hm^ An^ 
npeAbiAymero 3HaHeHM^ 3Heprnw 246. 

CyMMa An^ TeKymero sneMeHTa 
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cpaBHMBaeTCfl c xpaHflLU,MMCfl 3HaMeHneM c 
noMOLU,bfo KOMnapaTopa 244. BbixoAHOM curHaji 
KOMnapaTopa 244 yK33biBaeT, KaKOW M3 AByx ero 
BXOAHbix ci/imariOB 6onbiue ; n stot curHan 
c{3MKCMpyeTCfl b JiornHecKOM 6noKe ynpaBfieHna 
npoi^eccopa pe3yribTaTOB noncKa 254. Ecnn 
npeAbiAy^afl Bbi6opKa npeACTaBJiflJia 
noKanbHbiM MaKCMMyM, to nornnecKUM 6tiok 
ynpaBfieHMfi npoL^eccopa pe3ynbTaTOB noncKa 
254 cpaBHMBaeT npeAbiAyu-iUM pe3ynbTaT 
SHepruM c AaHHbiMM, xpaHALAMMMCfl b peiwrpe 
npoMe>KyTOHHbix pe3yribTaTOB 164, KaK 
onucbiBanocb Bbime. Ecnn cjDnribTp noKaiibHoro 
nuKa BbiKJiKDHeH MMKponpoi4eccopoM KaHaribHoro 
sneMeHTa 136, to TorAa BcerAa BbinonHseTCfl 
cpaBHeHne c pemcTpoM npoivie>KyTO^Hbix 
pe3yribTaTOB 164. Ecnn nn6o nepBbiM, nn6o 
nocneAHMM srieivieHT noncKOBOM rpynnbi Ha 
rpaHML^e noncKOBoro OKHa niweeT cnaA, to TorAa 
KfifOMeBafl cxeiwa c cjDMKcai4neM cnaAa 
HacTpanBaeTCfi TaK, htoGh KpaMHee 3HaneHne 
rpaHHi4bi paccMaTpuBaTb KaK nHK. 

npocTOM peann3aL4MM 4)MribTpa noKaribHbix 
nuKOB cnoco^cTByeT npoBeAeHne CHMTbiBaHUM 
no HanpaBneHMio k 6oriee paHHMM CMMBonaM 
BHyTpn noncKOBOM rpynnbi. KaK noKa33HO Ha 
cj^nr. 6, 7, 8 m 9, BHyTpn noncKOBOM rpynnbi 
Ka>KAbiM sneivieHT npoABuraeTca k curHanaivi, 
nocTynaioLi^MM bo BpeivieHM paHbLue. TaKa^ 
HanpaBfieHHOCTb 03HaHaeT, hto BHyTpn 
noncKOBoro OKHa nocneAHUM sneivieHT 
noncKOBOM rpynnbi v\ nepBbiM aneivieHT 
nocrieAywLAeM noi/icKOBOM rpynnbi flBnaioTCfl 
coceAHMMM b CABure. CneAOBaTeribHO, pa6oTa 
cjsMfibTpa noKaribHoro nuKa He Aon>KHa 
M3MeH^Tbcq, n BbixoAHOM CMTHan KOMnapaTopa 
244 ocTaeTCfl AOCTOBepHbiM npM nepeceneHMM 
rpaHMi4 noMCKOBOM rpynnbi. 

B KOHL^e o^pa^oTKM noncKOBoro OKHa 
3HaHeHnq, xpaH^Li^necq b perncTpe 
npoMe>KyTOHHbix pe3yribTaTOB 164, nepeAaioTC?i 
b perncTp JiyHLUMX pe3yribTaTOB 250, A^HHbie m 

KOTOporO CHMTblBaHDTCfl MMKponpOL^eCCOpOM 

KaHaribHoro sneMeHTa 136. npoi4eccop 
pe3ynbTaTOB noncKa 162, TaKMM o6pa30M, 
MMeeT oonbLuyio paGonyio Harpy3«y ot 
MMKponpoueccopa KaHaribHoro sneMeHTa 136, 
o6pa6oTKy KOTopoM b cucTeivie no cjDnr. 2 
TpeGyeTcq npon3BOAMTb He3aBMCMMO no 
pe3yribTaTy Ka>KAoro sneMeHTa noncKOBOM 
rpynnbi. 

B npeAbiAyL^MX pa3Aenax ocHOBHoe 
BHi/iMaHwe yAeriflriocb TpaKjy o6pa6oTKM ASHHbix 
MHTerparibHoro noncKOBoro npoi^eccopa 128 m 
noApo6HOMy onucaHMio Toro, KaK CTpoHHbie 
aHTeHHbie Bbi^opKM 118 npeoopa3yioTC5i b 
MToroBoe onucaHMe MHoronyHeBoro 
pacnpocTpaHeHMfi Ha BbixoAe perncTpa nynLunx 
pe3yribTaTOB 250. B nocneAyiOLAMX pa3Aenax 
AeTaribHO onucbiBaeTCJi, KaK ynpaBn^eTcq 
Ka>KAbiM srieMeHT b TpaKTe AaHHbix o6pa6oTKM 
noncKa. 

Bjiok ynpaBJieHMfl noncKOM 166 no q^ir. 5 
AeTaribHO npeACTaBfieH Ha cpur. 13. KaK 
ynoMi/iHariocb paHee, MMKponpoL4eccop 
KaHaribHoro oneiweHTa 136 onpeAenaeT Ha6op 
napaiweTpoB noncKa, BKriKonaKomuM rpynny 
aHTeHH Anq noncKa, 3anoMMHaeMbix b 6yc|Depe 
Bbi6opa aHTeHH 348, HanaribHbiM cabut, 
3anoMMHaeMbiM b Gycf)epe noncKOBoro CABura 
308, KonnnecTBO sneivieHTOB Ha OAHy noncKOByio 
rpynny, 3anoMMHaeMoe b 6yc(Depe 312 LunpuHbi 
rpynnbi, LunpuHy noncKOBoro OKHa, 
3anoMMHaeiviyio b 6ycjDepe 314 lumphhn noncKa, 
Koni/iHecTBO cmmbojiob YoriLiia An^ HaKonneHMfi, 
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3anoMMHaeMoe b Gycfiepe 31 6 HaKonneHMa 
cumbojiob YojiLua, m ynpaBnaiomee cjiobo, 
3anoMMHaeMoe b Gyctpepe 346 ynpaBnaKJinero 
cnoBa. 

HaHanbHbiM cabmt, 3anoMMHaeMbiM b 
Gyqbepe 308 noncKOBoro cflBura, onpeAenaeTca 
c pa3peujeHMeM b BoceMb sneMeHTOB. 
HanaribHbM cflBur yKa3biBaeT, KaKne Bbi6opKM bo 
BxoflHOM KacKa,qe ycTpoMCTBa noncKa 174 
yAanaioTca nocpeflCTBOM npope>KMBaHMa c 
noMom,bio KmoneBOM" cxeMbi c cf)MKcai4neM 
coctohhmh 218 Ha $nr. 10. BnaroAapa oycpepy 

aHTeHHblX BblOOpOK LUUpMHOM B flBa CUMBOJia 

YojiLua 172 b 3tom BapnaHTe caivioe Gonbujoe 
3HaneHne HananbHoro cflBura cocTaBnaeT 
norioBMHy sreivieHTa nceBAOiuyMOBoro KOfla, hto 
MeHbuie flByx nonHbix cumbojiob YonLua. 

flo 3Toro MOMema Gbina pacKpbua Ga30Baa 
KOHcjDnrypaL|Mfi AJ~ia BbinonHeHMa noncKa. B 

AeMCTBMTeflbHOCTM MMeeTCfl HeCKOJlbKO BMflOB 

3apaHee onpefleneHHbix noncKOB. KorAa 
yflaneHHoe ycipoMCTBO paflMOCBfi3M M3HaHaribHO 
nbiTaeTca nonyHMTb flociyn b cucTGMy, oho 
nocbiriaeT curHan paflnoMa^Ka, Ha3biBaeMbm 
npeaM6ynoM, c ncnonb30BaHneM HyneBoro 
cuMBona yoriLua. HyneBOM cmmboji YoriLua - sto 
CMMBon yofiLua, coA©p>KaLHMM Bee norMHecKMe 
Hynn BMecTO eflMHMU, m Hyneti, KaK Gbino 
onucaHO Bbiwe. npM BbinoriHeHMM noMCKa 
npeaMGynbi ycTpoficTBO noncKa Mm,eT 
y,qaneHHoe MOAyrib, nocbinaioLLJ.MM' curHan 
paflMOMa^Ka c HyneBbiM cmmboji yonnia no 
KaHany .qocTyna. Pe3ynbTaT0M noncKa npM 
noncKe npeaMGynbi aBnaeTca 3Hepn/m Ana 
HyneBoro CMMBona yonuja. KorAa BbinonHaeTca 
noncK KaHana AOCTyna b pe>KMMe 3axBaTa, 
AeTeKTop MaKCMMyMa 160 BbiBOflMT 3Heprnio flna 
HyneBoro cwMBona yonma He3aBMCMMO ot 

BblflBneHHOM MaKCMManbHOM BblXOflHOM SHeprnM. 

ynpaBnaiomee cnoBO, xpaHameeca b 6yc|Depe 
346 ynpaBnflfom,ero cnoBa, BKnionaeT b ceGa 
Gut npeaMGynbi, KOTOpbiM yKa3biBaeT, KorAa 
BbinonHfleTCfi noncK npeaMGynbi. 

KaK o6~bacHanocb Bbime, cucieMa 
ynpaBneHMa MOLU,HOCTbio cornacHO 
npeAnoHTmenbHOMy BapnaHTy M3MepaeT 
ypoBeHb cumana, nonynaeMoro ot Kaworo 
yflaneHHoro ycTpoMCTBa paAM0CBa3M v\ 
cjDopMnpyeT KOMaHAy ynpaBneHMa Mom,HOCTbio, 
npeAnncbiBafOLnyio yAaneHHOMy ycipoMCTBy 

paAMOCBP3M nOBblCMTb MnM nOHM3MTb MOLU,HOCTb 

nepeAann flaHHoro yAaneHHoro ycTpoMCTBa 
paAMOCBP3M. CucTeMa ynpaBneHMa Mom,HOCTbio 
paGoTaeT c ncnonb30BaHneM CMMBonoB yonnia, 
Ha3biBaeM0M rpynnofi ynpaBneHMa Mom,HOCTbio, 
bo BpeMa paGoTbi KaHana Tpa#HKa. 
/(DyHKL^MOHnpoBaHMe KaHana TpactpuKa cneAyeT 
3a paooTOM KaHana AOCTyna m noApa3yMeBaeT 
paGoTy bo BpeMa aKTMBHoro Bbi30Ba/. Bee 
CMMBonbi yonuja BHyipn oahom rpynnbi 
ynpaBneHMa Mou^HOCTbio nepeAawTca c 
ncnonb30BaHneM oahom m tom we KOMaHAbi 
ynpaBneHMS Mou^HOCTbio b yAaneHHOM 

yCTpOMCTBe paAM0CB513M. 

Bbime TaioKe roBopt/mocb, hto b 
npeAnoHTHTenbHOM BapnaHTe ocym,ecTBneHMfl 
HacTOflLi^ero M3o6peTeHM?i cMman, 
nepeAaBaeMbiM yAaneHHbiM ycTpowcTBOM 

paAMOCBFI3M, MMeeT M3MeH^eMyfO CKOpOCTb 

/nepeAann AaHHbix/ bo BpeMa paGoTbi KaHana 
TpactpuKa. Bo BpeMfi npoLjecca noncKa CKopocTb, 
ncnonb3yeMafl yAaneHHbiM ycTpoMCTBOM 
paAMOCB33M pj]s\ nepeAann AaHHbix, Ha 6a30BOM 
CTaHi4nn He M3BecTHa. ripi/i HaKonneHMM 
nocneAOBaienbHbix ci/iMBonoB oneHb Ba>KH0 3 
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HTo6bi nepeAaTHMK bo BpeMfl HaKonneHna He 
BbiKHMDHanca. nocneAOBaTenbHbie cnMBonbi 
yonnia b rpynne ynpaBneHM?i Mom,HOCTbHD 
nponycKafOTCJi KaK rpynna, hto 03HanaeT ; hto 6 
ci/iMBonoB yonuja, cocTaBnflKD^ne rpynny 
ynpaBneHMJi Moii^HOCTbfo, b npeAnoHTWTenbHOM 
BapnaHTe, nn6o Bee nponycKafOTC^, nno"o Bee He 
nponycKafOTCJi. 

TaKnM oopa30M, eenn napaMeTp noncKa 
npeAnncbiBaeT, hto MHOwecTBO CMMBonoB 
Yonuja Aon>KHO ObiTb HaKonneHO bo BpeMfi 
paGoTbi KaHana TpacjMKa, to npou,ecc noncKa 
AonweH BbipaBHMBaTb Kax<AyK) noncKOByjo 
rpynny, hto6h HannHaTb n 3aKOHHMTb ero b 
paMKax oahom rpynnbi ynpaBneHM?i Mom,HOCTbfo. 
ynpaBnflfom.ee cnoBO, 3anoMMHaeMoe b oyepepe 
346 ynpaBnsK)LJ4ero cnoBa, BKnionaeT b ce6a 
6mt BbipaBHnBaHMfl rpynnbi ynpaBneHi/ia 

MOLU,HOCTblO. C nOMOLU,bHD 6MTa BbipaBHMBaHMfl 

rpynnbi ynpaBneHMfl Mou^HOCTbho, 
ycTaHOBneHHoro b eAHHMi_|y, hto yKa3biBaeT Ha 
noncK KaHana Tpacf)MKa, npoi^ecc noMCKa 
CMHxpoHM3npyeT no rpaHMU,e cneAyioLAeM 
rpynnbi ynpaBneHMfl Mou^HOCTbio BMecTO 
rpaHML^bi cneAyioLAero CABMHyToro cuMBona 
yonuja. 

ynpaBnflfOLi^ee cnoBO, 3anoMMHaeMoe b 
Gycf)epe 346 ynpaBnflfom.ero cnoBa, TaioKe 
BicnioHaeT b ce6s 6mt BKmoneHMfl qbnnbTpa 
o6Hapy>KeHMfl nnKa, ynoMWHaeMoro paHee b 
CBS3M c cfwr. 8. 

YcTpoMCTBO noncKa pa6oTaeT nn6"o b 
HenpepbiBHOM pe>KMMe, nM6o b oflHoiuaroBOM 

pe>KMMe B COOTBeTCTBMM C yCTaHOBKOM 6nTa 

"HenpepbiBHbiM /oAHOLiiaroBbiM" ynpaBnaiomero 
cnoBa. B OAHOLiiaroBOM pe>KMMe nocne 
BbinonHeHM?i noMCKa MHTerpanbHbiM noncKOBbiM 
npou,eccop 128 B03Bpam,aeTC5i b cocTO^HMe 

0>KVIAaHMfl AanbHeMLJJMX MHCTpyKU,HM. B 

HenpepbiBHOM pe>KMMe MHTerpanbHbiM 
noncKOBbiM npou,eccop 128 nocTOAHHO 
ocym,ecTBn?ieT noncK, i/i b MOMeHT, KorAa b 
MMKponpoi^eccop KaHanbHoro aneMeHTa 136 
nocTynaeT enman o tom, hto nonyneHbi 
pe3ynbTaTbi, MHTerpanbHbiM noMCKOBbiM 
npoi4eccop 128 Hani/iHaeT cneAyK3m,MM noMCK. 

BnoK ynpaBneHMfl noMCKOM 166 cjDopMMpyeT 
CMmanbi CMHxpoHM3au,MM, Mcnonb3yeMbie Ana 
ynpaBneHM^ npou,eccoM noMCKa, KOTopbiM 
BbinonHfleTca MHTerpanbHbiM noMCKOBbiM 
npou,eccopoM 128. BnoK ynpaBneHM^ noMCKOM 
166 nocbinaeT onopHbie CMHxpocMmanbi c 
HyneBbiM cabmtom b reHepaTopbi I- m Q-ncn 
202, 206 kopotkmx koaob m reHepaTop ncn 
nonb30BaTenq 204 AnMHHoro KOAa m CMrHan 
BKmoneHMfl Ha KmoneByio cxeMy c QbMKcai4MeM 
cocTOAHMfl pa3pa>KeHMfl 218 m CMrHan Bbioopa b 
MynbTMnneKcop 21 6 bo bxoahom KacKaAe 
ycTpoMCTBa noMCKa 174. Oh oGecneHMBaeT 
aApeca CHMTbiBaHM^ m 3anMCM An?i Gyctpepa 176 
ncn m 6ycf)epoB neTHbix m HeneTHbix sneMeHTOB 
yonuja 168 m 170. Oh BbiAaeT TeKyu^MM cab Mr 
Ana ynpaBneHMfl paGoTOM ycTpoMCTBa OKaTMfl 
178. Oh o6ecneHMBaeT onopHyio 
CMHxpoHM3ai4Mio BHyTpM MHTepBana BpeMeHM 
Ana npoi^eccopa BI1A 120 m onpeAenneT, 
Mcnonb3yeT nM npoL^ecc noMCKa MnM npoi^ecc 
AeMOAynai4MM npoueccop BI1A 120, nyTeM 
ynpaBneHMfl MynbTMnneKcopoM 124 c bxoaom 
BI1A. Oh o6ecneHMBaeT HecKonbKO BepcMM 

KOHKpeTHblX BHyTpeHHMX CMHXpOHMSMpyiOIHMX 
CTpOOOB C KOHBeMepHOM 33Aep>KKOM AJlfl 

norMHecKoro GnoKa ynpaBneHMa npoi^eccopa 
pe3ynbTaTOB noMCKa 254 no apMr. 12, pa3peujafl 
eMy npocyMMMpoBaTb pe3ynbTaTbi cabmtob Ana 
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onpeAeneHHoro HMcna HaKormem-ibix cmmbojiob 
yoriLua. Bjiok ynpaBneHMfl noncKOM 1 66 
o6ecneHMBaeT perncTp nyHWMX pe3ynbTaTOB 

250 KOHBeMepHbIM CflBMrOM M MHCjDOpMai^MeM 
AHfl aHTeHH, COOTBeTCTByK)Li^HX 3anOMHeHHblM 

3HaneHH^M HaKonneHHOM 3Heprnn. 

ComacHO cpur. 13, cnemMK CMCTeMHoro 
BpeMeHM 342 CMHxpoHM3npyeTC^ no onopHOMy 
cnHxpocurHany c HyneBbiM cflBuroM. B 
npeflnoHTHTenbHOM BapnaHTe, KaK Gbino 
no,qpo6HO onucaHO painee, CMCTeMHbM TaicroBbiM 
reHepaTop pa6oiaeT c BocbMHKpamoM HacTOTofi 
sneivieHTOB nceBflomyMOBoro KOfla. HMeeTca 
256 nceBAOiiiyMOBbix oneMemoB b CMMBone 
yonwa n 6 cmmbojiob yonwa b rpynne 
ynpaBJieHUfi MOWHOCTbio, Bcero p,nn 
6x256x8=12288 cucTeMHbix TaKTOBbix 
MMnynbcoB Ha oflHy rpynny ynpaBneHkm 

MOLJ^HOCTblO. 

TaKMM o6pa30M b npe,qnoHTMTeribHOM 
BapnaHTe cneTHMK CMCTeMHoro BpeMeHM 342 

COflep>KL/IT HeTbipHafll^aTMGHTHbM CHeTHMK, 
KOTOpbIM OTCMMTblBaeT 12288 CMCTGMHblX 

TaKTOBbix HMnynbcoB. BxoAHafl onopHafl 
CMHxpoHM3aL|nq AJi^ reHepaTopoB I- m Q-ncn 
202, 206 kopotkhx KOflOB n reHepaTopa ncn 
noj~ib30BaTej~ifl 204 A/iMHHoro KOAa no c(DMr.10 bo 
BxoflHOM KacKaAe ycTpoMCTBa noncKa 1 74 
GepeTca ot cneTHMKa cucTeMHoro BpeMeHM 342. 
/BbixoAHOM CMman reHepaTopa ncn 
nojib30BaTejifl 204 AJiMHHbix koaob TaiOKe 
cjDopMnpyeTcyi Ha ocHOBe 6onee flnnHHbix 
cucTeMHbix onopHbix CMHxpocurHarioB, KOTOpbie 
He noBTopfiioTC^ npniviepHO b TeneHne 50 AHetf. 
Boriee AJiHHHbifi onopHbiM CMman He 
ynpaBnaeTca co CTopoHbi npou,ecca noncKa n 
AeMCTByeT KaK 3apaHee ycTaHOBneHHoe 
3Ha«-ieHMe. ripoAonweHMe 4)yHKU,noHnpoBaHMJi c 
ncnonb30BaHneM 3apaHee ycTaHOBneHHoro 
3Ha«-ieHM^ ynpaBn^eTCP cneTHMKOM cucTewiHoro 
BpeMeHU 342/. AApeca AJ~ifl oycftepa 176 ncn n 
Gyc^epoB 168 m 170 nembix m HeneTHbix 
sneMeHTOB yoriLua GepyTca ot cner-iMKa 
CHCTeMHoro BpeMeHM 342. CneTMMK CMCTeMHoro 
BpeMeHU 342 cfwKcwpyeTCfl KnioHeBOM cxeMOM 
328 b Hanane Ka>KAoro MHTepBana BpeMeHM. 
BblXOflHOM CMTHan KTIKDHeBOM cxeMbi c 
cjDMKcaL^neM 328 OTO"MpaeTCfl nepe3 aApecHbie 
MynbTunneKCopbi 330,332 n 334, KOTopbie 
o6ecneHMBaK)T aApeca 3anMCM, 

cooTBeTCTByfomne TeKyweMy MHTepBany 
BpeMeHM, KorAa b stm oycjDepbi ocyLAecTBnfleTca 
3anncb b HeKOTopbiM 6onee no3AHMM MOMeHT 
BHyTpH HHTepBana BpeMeHM. 

HaKonnTenb cflBura 310 OTcne>KMBaeT cab Mr 
o6pa6aTbiBaeMoro b flaHHbiii MOMeHT aneMeHTa 
noncKOBOM rpynnbi. HananbHbiM cabmt, 
xpaHfimMMCfi b oycjDepe noncKOBoro CABura 308, 
3arpy>KaeTC5i b HaKonnTenb CABfira 310 npn 
Hanane Ka>Kfloro noMCKOBoro OKHa. 

HaKonnTenb CABura 310 yMeHbLuaeT CBoe 
3Ha^eHne c Ka>KAbiM aneMeHTOM noMCKOBOM 
rpynnbi. B KOHL^e k3>kaom noMCKOBOM rpynnbi, 
HTo6bi mo>kho 6bino noBTopnTb 3Ty onepaL^nio 
Ana AaribHeMLUMX HaKonneHMM, KonnHecTBO 
sneMeHTOB Ha OAHy noncKOByio rpynny, 
xpaHSLJ^eecfl b oycpepe 312 Lunp^Hbi rpynnbi, 
BbNMTaeTCfl M3 HaKonnTejui CABura, HTo6bi 
npnB33aTb ero CHOBa k nepBOMy CABury b 
noi/icKOBOM rpynne. TaKMM cnocoGoM npoL^ecc 
noncKa CHOBa ocyu^ecTBrifieT pa3BepTKy 
noncKOBOM rpynnbi HaKonneHMfl Apyroro 
CMMBona YojiLLia. Ecnn npoi^ecc noncKa 
ocymecTBUJi pa3BepTKy Ana TeKyu^eM noncKOBOM 
rpynnbi npn HaKonneHnn nocneAHero CMMBona 
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YoriLua, to HaKonnTerib CABura 310 yMeHbiuaeT 
CBoe 3HaneHne Ha eAMHui^y nyTeM Bbi6opa 
BXOAa "-1" MynbTHnneKCopa 304 noBTopHOM 
noncKOBOM rpynnbi, KOToputf ocyu^ecTBn^eT 
cabmt nepBoro sneMeHTa b cneAyKDLi^eM 
noncKOBOM rpynne. 

BbixoflHOM CMman HaKon^Tena CABura 310 
BcerAa npeACTaBrmeT cabmt o6pa6aTbiBaeMoro 
B AQHHblM MOMeHT siieMeHTa m nooTOMy 
Mcnorib3yeTC^ a^ ynpaBneHMfi bboaom A^HHbix 
b ycTpoMCTBO OKaTMfl 178. BbixoAHOM CMmari 
HaKonnTejifl CABura 310 cyMMMpyeTca 
cyMMaTopaMM 336 m 338 c BbixoAHbiM curHanoM 
BHyTpeHHeM CMHxpoHH3aL^MH /no MHTepBariaM 
BpeMeHM/ ot cneTHMKa CMCTeMHoro BpeMeHM 342 
Ana reHepMpoBaHMfl nocneAOBaTeribHOCTM 
aflpecoB BHyTpM MHTepBana BpeMeHM, 
cooTBeTCTByfOLi^ero sneMeHTy noMCKOBOM 
rpynnbi. Buxoa cyMMaTOpOB 336 m 338 
OT6MpaeTCfl nepe3 MyjibTMnneKcopbi 330 m 332 
aApecoB N\n noAaHM Ha 6ycpep aHTeHHbix 
Bbi6opoK 172 aflpecoB CHUTbiBaHUjq. 

Buxoahom CMman HaKonMTena CABMra 310 
TaiOKe cpaBHMBaeTC^ KOMnapaTopoM 326 c 
BbixoAHbiM CMmanoM cneTHMKa CMCTeMHoro 
BpeMeHM 342 Ana cjDopMMpoBaHMfi CTpoGa 

CABMHyTOrO CMMBOJia yOJILJJa, KOTOpbIM 

yKa3biBaeT, hto Gyc(:ep 172 aHTeHHbix Bbio"opoK 
MMeeT AOCTaTOHHO npaBMiibHbix AaHHbix An^ 
Hanaria npoi4ecca noncKa. 

CneT^MK noMCKOBOM rpynnbi 320 
OTcne>KMBaeT KoriM^ecTBO sneMeHTOB, KOTopoe 
ocTanocb o^pa6oTaTb b TeKyu^eM noMCKOBOM 
rpynne. CneT^MK noMCKOBOM rpynnbi 320 
3arpy>KaeTCfl no LUMpMHe noMCKOBoro OKHa, 
3anMcaHHOM b 6yc|Dep 314 LUMpMHbi noMCKa b 
Hanajie noMCKOBoro OKHa. CneTHMK noMCKOBOM 
rpynnbi 320 yBeriMHMBaeT CBoe 3HaHeHMe, nocrie 
Toro KaK 3aBepiuMTCfl npoi^ecc HaKonneHMfl 
nocneAHero CMMBona Yonuja k3>kaom noMCKOBOM 
rpynnbi. Korfla 6yAeT AOCTMmyTO KOHeHHoe 
3HaneHMe cneTHMKa, 3to 3H3HMT, hto Bee 
cabmtm b noMCKOBOM OKHe o6pa6oTaHbi. flna 
o6ecneneHM?i MHAMKai4MM o tom, hto GnM30K 
KOHei_| TeKyu^ero noMCKOBoro OKHa buxoahom 
CMman cneTHMKa noMCKOBOM rpynnbi 320 
cyMMMpyeTC^ c noMombio cyMMaTopa 324 c 
BbixoAHbiM CMmanoM Gy4)epa 312 LUMpMHbi 
noMCKOBOM rpynnbi. HHAMKai^MJi OKOHHaHM^ 
noMCKOBoro OKHa noKa3biBaeT BpeMfl, c KOToporo 
oyqbep 172 aHTeHHbix Bbi6opoK MO>KeT HanaTb 
3anonHflTbCfi BbiGopKaMM asihhnx ot ApyroM 
aHTeHHbi npM noAroTOBKe k cneAyiomeMy 
noMCKOBOMy omy Ge3 noTepM coAep>KMMoro, 
Heo6xoAMMoro f\nn TeKyLAero noMCKOBoro OKHa. 

KorAa MMKponpoi4eccop KaHanbHoro 
sneMeHTa 136 3aAaeT napaMeTpbi noMCKOBoro 
OKHa, OH MO>KeT yCTaHOBMTb, 4TO noMCKOBoe 
okho GyAeT BbinonHflTbCfi Ana MHO>KecTBa 
aHTeHH. B TaKOM cnynae MAeHTMHHbie 
napaMeTpbi noMCKOBoro OKHa noBTopaioTCJi c 
Mcnonb30BaHMeM Bbi6opoK ot pnp,a aHTeHH. 
TaKa?i rpynna noMCKOBbix okoh Ha3biBaeTC?i 
HacopoM aHTeHHbix noMCKOB. EcnM Ha6op 
aHTeHHbix noMCKOB onpeAenaeTCfl 
MMKponpoL^eccopoM KaHanbHoro 3neMeHTa 136, 
to 3tot aHTeHHbiM HaGop nporpaMMMpyeTCfl c 
noMOL^bio 3HaneHMq, 3anMcaHHoro b 6ycjDepe 
Bbi6opa aHTeHHbi 348. nocne 3aBepujeHM?i 
HaGopa aHTeHHbix noMCKOB MMKponpoL^eccop 
KaHanbHoro sneMeHTa 136 npMBOAMTca b 

COCTOflHMe rOTOBHOCTH. 

CneTHMK sneMeHTOB 318 noMCKOBOM rpynnbi 

COAep>KMT KOnMHeCTBO SneMeHTOB, OCTaBLIIMXCfl 

An?i o6pa6oTKM b TeKy^eM noMCKOBOM rpynne. 
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3Ha^eHMe cneTHMKa aneMeHTOB B03pacTaeT Ha 
eAMHMi4y c Ka>KflbiM oGpaooTaHHbiM sneMeHTOM, 

M 3TOT CHeTH M K 3arpy>KaeTCa BblXOAH bl M 

curHanoM 6yc£epa 312 ninpuHbi noMCKOBOM 
rpynnbi, Kor,qa npoijecc noMCKa HaxoAMTca b 
coctofihmm o>KM,qaHHfi MfiM npM 3aBepiueHMM 
noncKOBOM rpynnbi. 

Cmgtmmk HaKOnflGHMfl CMMBOJIOB Yonuja 322 
noACHHTbiBaeT KOJinnecTBO cmmbojiob Yonuja, 
ocTaBWMxea Ana HaKonneHMa b TeneHne 
TeKyu^eM noMCKOBOM rpynnbi. 3tot cneTHMK 
3arpy>KaeTca KonMHecTBOM cumbojiob Yonwa 
Ana HaKonneHna, KOTopoe xpaHMTca b 6"y<£epe 
316 HaKonneHMP cumbohob Yonuja, KorAa 
npoL^ecc noncKa HaxoAMTca b cooroaHMM 
o>KMAaHMFi mum nocne 3aBepweHMa pa3BepTKM 
noMCKOBOM rpynnbi npM HaKonneHMM nocneAHero 
CMMBona yonnia. B npoTMBHOM cnynae chsthmk 
npM 3aBepLiieHMM Ka>KAOM iiomckobom rpynnbi 
yMeHbLuaeT CBoe 3HaHeHne. 

CMeTMMK AOCTOBepHOCTM b bo Aa 302 

3arpy>KaeTca bcskmm pa3, KorAa M3MeHaeTca 

BXOAHafl aHT9HHa MflM HacTpofiKa Ct)MJlbTpa 

npope>KMBaHMfl. Oh 3arpy>KaeTca MMHMMaribHbiM 
hmcjiom Bbi6opoK, TpeoyeMbiM b npoi^ecce 
noMCKa Ana o6pa6oTKM noMCKOBOM rpynnbi, Ha 
ocHOBe BbixoAHoro CMmana Gycfepa 312 
LUMpMHbi noMCKOBOM rpynnbi /to ecTb OAHoro 

CMMBOJia YonLLia nniOC GKBMBaneHT LUMpMHbi 

oahom noMCKOBOM rpynnbi BbioopoK/. Ka>KAbiM 
pa3, KorAa b 6ycf)ep 172 aHTeHHbix BbioopoK 
3anwcbiBaeTCfl aHTeHHaa BbioopKa, 3HaneHMe 
cneTHMKa AOCTOBepHOCTM BBOAa 302 B03pacTaeT 
Ha GAMHMi^y. KorAa chgthmk AOCTMraeT 
KOHe^Horo 3HaneHMfi, oh nocbinaeT CMrHari 
BKnioneHMa, pa3peLuaioLAMM Hanano npou,ecca 
noMCKa. CneTHMK AOCTOBepHOCTM BBOAa 302 
TaioKe oGecneHMBaeT MexaHM3M noAA©P>KaHMa 
npoi^ecca noMCKa, KorAa cabmtm nocneAyioLAMX 
noMCKOBbix okoh He no3BormioT o6ecneHMTb 
HenpepbiBHyio o6pa6oTKy AaHHbix. 

npoL^ecc noMCKa MoweT HaxoAMTbca jim6o b 

COCTOFIHMM 0>KMAaHMa, JIM^O CMHXpOHM3ai_|MM, 

jim6o b aKTMBHOM cocto^hmm. Bjiok ynpaBneHMa 
ynop^AoneHMeM noMCKa 350 noAAep>KMBaeT 
TeKymee cooroaHMe. 1/lHTerpanbHbiM noMCKOBbiM 
npoueccop 1 28 Mcnorib3yeT cocToaHMe 
OKMAaHMfl, KorAa Ha MOAeiw KaHanbHoro 
oneMeHTa 110 noAaeTca cm man c6poca. Bo 

BpeMfl COCTOaHMa 0>KMAaHMfl BCe CHeTHMKM M 

HaKonMTenM b onoKe ynpaBneHMa noMCKOM 1 66 
3arpy>KaioTca cooTBOTCTByioiuMMM napaMeTpaMM 
noMCKa, KaK 6bino onMcaHO BbiLue. KaK TonbKO 
MMKponpoL^eccop KaHanbHoro aneMeHTa 136 c 
noMOLAbio ynpaBnaiomero cnoBa &aeT KOMaHAbi 
npoL^eccy noMCKa HaHMHaTb HenpepbiBHbiM MnM 
OAHOLiiaroBbiM noMCK, MHTerpanbHbiM noMCKOBbiM 
npoL^eccop 1 28 nepexoAMT b cocToaHMe 

CHHXpOHH3aL4MM. 

B COCTO^HMM CMHXpOHM3ai^MM npOL^eCC 

noMCKa BcerAa owwAaeT rpaHMi^y CABMHyToro 
CMMBona Yonwa. EcnM AaHHbie b oycjsepe 
aHTeHHbix BbioopoK euje h eAOCTO Be p h bi MnM 
ecnM ycTaHOBneH 6mt HacTpoMKM rpynnbi 
ynpaBneHMfi MomHOCTbio m CMMBon Yonuja 
HaxoAMTca He Ha rpaHML^e rpynnbi ynpaBneHwa 

MOLAHOCTbfO, TO TOrfla MHTerpanbHbiM nOMCKOBblM 

npoueccop 128 ocTaeTCfi b cocto^hmm 

CMHXpOHM3aL^MM, nOKa He B03HMKHyT 

cooTBeTCTByioLi^Me ycnoBM^ Ha rpaHML^e 
cneAyioLAero CABMHyToro CMMBona Yonuja. npM 
HanMHMM cooTBeTCTByioLAero CABMHyToro 
CMMBona Yonuja npoi^ecc noMCKa MO>KeT 
nepeMTM b a«TMBHoe cocTO^HMe. 

HHTerpanbHbiM noMCKOBbiM npoi^eccop 128 
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ocTaeTca b aKTMBHOM cocTOAHMM, noKa OH He 
o6pa6oTaeT noMCKOByro rpynny, m b stot momsht 

OH B03BpaLU,aeTCfl B COCTOflHMe CMHXpOHM3ai4MM. 

EcnM MHTerpanbHbiM noMCKOBbiM npoi^eccop 128 

HaXOAMTCfl B OAHOLLiarOBOM pe>KMMe, OH MO>KeT 
nepeMTM M3 aKTMBHOrO COCTOflHMfl B COCTOJIHMe 

o>KMAaHM?i nocne 3aBepweHMfl nocneAHero 
sneivieHTa noMCKOBOM rpynnbi Ana 
OKOHHaTenbHoro HaranneHMa CMMBonoB Yonuja 
Ana nocneAHeM noMCKOBOM rpynnbi b noMCKOBOM 
OKHe. 3aTeM MHTerpanbHbiM noMCKOBbiM 
npoL^eccop 128 o>KMAaeT KOMaHAbi ot 
MMKponpoL^eccopa KaHanbHoro sneivieHTa 136, 
HTo6bi MHMUMMpoBaTb APyroM noMCK. EcnM >Ke 
MHTerpanbHbiM noMCKOBbiM npoL^eccop 128 
HaxoAMTca b HenpepbiBHOM pe>KMMe, to TorAa b 
stot MOMeHT oh 3arpy>KaeT HOBbiM HaSop 
napaiweTpoB noMCKa m B03BpamaeTca b 
cocToaHMe CMHxpoHM3ai4MM Ana o>KMAaHMa 
CABMHyToro cm m Bona Yonuja c Ha^anbHbiM 
CABMroM, noAne>KaLi^ero o6pa6oTKe npM hobom 

nOMCKe. AKTMBHOe COCTOaHMe - 3TO 
eAMHCTBeHHOe COCTOaHMe, B KOTOpOM 

o6pa6aTbiBaioTCfl Bbi^opKM aHTeHHbix AaHHbix. B 

COCTOaHMaX 0>KMAaHMa MnM CMHXpOHM3ai^MM 

npoi4ecc noMCKa npocTO OTcne>KMBaeT Bpeivia c 
noMoii^bio cneTHMKa CMCTeMHoro BpeiweHM 342 m 
npoAon>KaeT 3anMCb b Gycf)ep 1 76 ncn m Gyc):ep 
172 aHTeHHbix BbioopoK, TaK hto, KorAa npouecc 
noMCKa nepexoAMT b aKTMBHoe cocToaHMe, 3tm 
6ycf)epbi 6yAyT roTOBbi Ana Mcnonb30BaHMa. 

Ha cJdmt. 14 b Ka^ecTBe npMMepa noKa3aHa 
BpeMeHHaa A^arpaMMa HaKonneHMa nepBoro 
cm m Bona Yonuja BTopoM noMCKOBOM rpynnbi b 

nOMCKOBOM OKHe, HanpMMep, B BMAe nOMCKOBOM 

rpynnbi, noKa3aHHOM Ha cf)Mr. 9. TpeTMM CMMBon 
Yonuja, Ha3biBaeMbiM onopHbiM CMCTeMHbiM 
TaKTOBbiM MMnynbcoM c HyneBbiM cabmtom, 
noKa3aH pa3AeneHHbiM Ha TpMAi^aTb ABa 
MHTepBana BpeiweHM. CocToaHMe noMCKa 372 
M3MeHaeTca ot cocToaHMa CMHxpoHM3ai4MM ao 
aKTMBHoro, KorAa MHAMKai^Ma rpaHMi^bi 
CABMHyToro cm m Bona Yoniua, cooTBeTCTByiomaa 
CMMBony Yonuja 3, yKa3biBaeT, «-ito Sycftep 172 

aHTeHHbix Bbl60p0K TOTOB C AOCTOBepHbIMM 

BbiGopKaMM k o6pa6oTKe Ha A3HH0M cab m re. Bo 
Bpeivia cneAyfOLAero MHTepBana BpeivieHM 
o6pa6aTbiBaeTca nepBbiM sneivieHT noMCKOBOM 
rpynnbi. npoi^ecc noMCKa npoAonxoeTca c 
Mcnonb30BaHMeM Ka>KAoro MHTepBana BpeiweHM 
Ana o6pa6oTKM aneMeHTa noMCKOBOM rpynnbi, 
KaK noKa3aHO CMMBonoM "S" b MHTepBanax 
BpeMeHM 374, ecnM bxoahom KacKaA 
AeMOAynaTopa 122 He Mcnonb3yeT npoi^eccop 
BI1A 120, hto noKa3aHO CMMBonoM "D" b 
MHTepBanax BpeMeHM 374. l~lpoi4ecc noMCKa 
3aKaHHMBaeT o6pa6oTKy Ka>KAoro aneMeHTa b 
noMCKOBOM rpynne m B03BpamaeTca b cocToaHMe 
CMHxpoHM3ai4MM nepeA rpaHMueM cneAyioLAero 
CABMHyToro CMMBona Yonuja, 

cooTBeTCTByfOLi^ero CMMBony Yonuja 4. Tao<e 
noKa3aHO cocToaHMe cneTHMKa noMCKOBOM 
rpynnbi 362, B03pacTafOLi^ee b aKTMBHOM 
cocToaHMM, noKa oho He AOCTMmeT KOHeHHoro 
cocToaHMa, yKa3biBaioLAero Ha to, hto 
o6pa6oTaHa Bca noMCKOBaa rpynna. 3Aecb 
noKa3aHO B03pacTaioLAee cocToaHMe cneTHMKa 
CABMra 364 Me>KAy MHTepBanaMM BpeMeHM, 

COOTBeTCTByfOLl^MMM 3neMeHTy nOMCKOBOM 

rpynnbi, TaK hto oto mo>kho Mcnonb30BaTb Ana 
nonyneHMa aApeca CHMTbiBaHMa CABMra oycjDepa 
Bbi6opKM b TeneHMe MHTepBana BpeMeHM. 
CocToaHMe cneTHMKa CABMra 364 KOHBeMepHO 
3aAep>KMBaeTca b BMAe noAcneTa CABMra Ana 
pemcTpa nynniMX pe3ynbTaTOB 366. CneTHMK 
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cflBura 368 nonynaeT npMpam,eHMfl b nponecce 
HaKonneHna KOHeHHoro cuMBona Yoniua 370. 

TaKMM o6pa30M, KOHC^Mrypai^Mfl 
oflHOKpucTaribHoro noncKOBoro npoi^eccopa 
6naroflapfl 0"y(£epM3ai4MM aHTeHHbix BbioopoK n 
wcnanb30BaHwo npoi^eccopa npeo6pa30BaHM3 c 

KBaHTOBaHMeM BpeMeHM MO>KeT He33BMCMM0 

ycTaHaBfiMBaTb nocneflOBaTeiibHOCTb noMCKa, 
onpeAenaeiviyfo HaoopoM napaivieTpoB noncKa, 
aHann3npoBaTb pe3ynbTaTbi m npeACTaBn^Tb 
cyMMapHbiM OTHeT o nyHLLinx TpaeKTopMax, 
HTo6bi ncnojib30BaTb mx ATi^ noBTopHoro 
pacLunpeHna aneivieHTa aeMoayn^m. 3to 
yMeHbiiiaeT OTHOCMTenbHyio Harpy3Ky Ha 
ynpaBJiaioLUMM MMKponpoLjeccop, TaK hto mo>kho 
ncnojib30BaTb 6onee AeweBbiM 

MUKponpoL^eccop, a TaioKe yMeHbLuaeT 
HenocpeACTBeHHbie 3aTpaTbi Ha MHTerpanbHbie 

MMKpOCXeMbl, flaBa^ B03MO>KHOCTb BbinOJIHMTb 

Becb MO,qeM KaHaribHoro aneiweHTa Ha oahom 
MMKpocxeivie. 

OnMcaHHbie 3flecb oo"m,Me npMHi^Mnbi MoryT 
6biTb ncnojib30BaHbi b cucTGMax, r,qe 
npuMeHflfOTca a/ibTepHaTHBHbie cxeMbi 
nepeAaHM. BbiiueyKa3aHHoe onucaHne 
ocHOBbiBanocb Ha npneiwe CMmana oGpaTHoro 
TpaKTa, vp,e OTcyTCTByeT nwioT-CMman. no 
np^MOMy TpaKTy comacHO npeflnoHTMTenbHOMy 
BapnaHTy 6a30Ba£ CTaHLjME nepeAaeT 
nuroT-curHan. riMnoT-CMman - 3to cm man, 
HecymuM n3BecTHbie flaHHbie, no3TOMy OTnaflaeT 
HeoSxoAMMocTb b npoijeAype EI1A, 
ncnonb3yeMOM ati^ onpeAeneHMfl Toro, KaKMe 
AaHHbie SbiriM nepe/jaHbi. flim Bonnom,eHMa 
HacTOflmero M3o6"peTeHMfl MHTerpanbHbiM 
nowcKOBbiw npoL^eccop ATI* npneivia curHana, 
coAepwamero nunoT-curHan, He coAep>KMT 
npoueccop 5I1A n He ncnorib3yeT cjDyHKLjMio 
o6Hapy>KeHMfl MaKCMMyivia. npoueccop EI1A m 
AeTeKTop MaKCMMyMa 160 Ha a>nr. 5 MoryT 6biTb 
3aMeHeHbi, HanpuMep, npocTbiM HaKonnTeneM 
125, noKa3aHHbiM Ha (fur. 15. OnepaL^a noMCKa 
npn HannHnn nmioT-ckimana aHanornHHa 
onepaL^MM noMCKa KaHana AOCTyna b pe>KMMe 
3axBaTa ; onucaHHOM Bbiuje. 

BbiLueoni/icaHHan apxMTeiaypa noncKa mo>kgt 
6biTb ncnorib30BaHa Ana BbinonHeHMfl noncKOB 
caMbiMM pa3HbiMH cnocoo"aMM. HaMOonee 

OCjxjDeKTMBHblM EBnaeTCq ni/IHeMHbIM nOMCK. 

JlMHeMHbiM noncK BbinonHfleTca nyieM 
nnHeMHoro noncKa noTeHi^nanbHbix BpeMeHHbix 
cabhtob b nopjiAKe, He 3aBMCflm,eM ot 
BepoPTHOCTM Toro, hto yAaneHHoe ycTpoficTBO 
paAMOCBA3M BeAeT nepeAany. I~lpn noMcxe 
curHana yAaneHHoro ycTpoMCTBa paAMOCBa3M 
6a30Bafl CTaHL^Mfl Aon>KHa 3HaTb o>KMAaeMbiM 
Anana30H 30Hbi p,ev\CTBV\n. HanpuMep, b 
npeflnoMTHTenbHOM BapMaHTe o6bMHaa 6a30Baa 
CTaHL^Mfl nepeKpbiBaeT A^ana30H nopHAKa 50 
KunoMeTpoB, hto noApa3yMeBaeT Hannnne 
3aAep>KKM, CBA3aHH0M c noATBep>KASHi/ieM 
npneivia, 350 MMKpoceKyHA nnn npMMepHO 430 
sneivieHTOB nceBAOLuyMOBoro KOAa. TaioKe b 
cpeAe MHoronyneBoro pacnpocTpaHeHna, rAe 
curHanbi MMeHDT He np^Mbie TpaeKTopnn, cuman 
yAaneHHoro ycTpoMCTBa paAMOCB?i3M iwio>KeT 
6biTb 3aAep>KaH nyTb nn He BABoe no cpaBHeHHfo 
c np^MOM TpaeKTopnew pacnpocTpaHeHi/ia, MMea 
b BMAy, hto noncK flon>KeH BecTMCb no HaGopy 
\A3 nOHTM 1000 pa3nnHHbix cabhtob 
nceBAOLuyMOBoro curHana. ripn o^Hapy>KeHnn 
curHana yAaneHHoro ycTpoPicTBa paAMOCBA3M oh 
AeMOAyJinpyeTca m cTaHOBMTca M3BecTHbiM 
npuMepHoe paccTOAHne ao yAaneHHoro 

yCTpOMCTBa paAHOCB^3M. B CB^3H C 3TMM 
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B03MO>KHbie cab uri/i nceBAOLuyMOBoro cumana, 
KOTopbie HeoSxoAUMO onpeAennTb, HToSbi 
o6ecnennTb o6Hapy>KeHne 6onbinnHCTBa 
AOCTOBepHbix MHoronyneBbix cumanoB, 
cyLAecTBeHHO yMeHbLuafOTca. 

B paMKax AaHHoro noncKa no rpynne 
ynpaBneHMS MOLAHOCTbfo HMefOTca xpi/i npuHMHbi, 
no KOTopbiM cuman He MO>KeT SbiTb o6Hapy>KeH 
npn A3HH0M CABwre nceBAOLuyMOBoro cumana. 
Bo-nepBbix ; cuman Mox<eT He npuMTM c 
3aAaHHbiM CABMroM. YAaneHHoe ycTpoMCTBO 
paAMOCBA3n MO>KeT BbiAaTb HecKonbKO curHanoB 
MHoronyneBoro pacnpocTpaHeHns, ho 
KonnnecTBO co3AaBaeMbix MHoronyneBbix 
cumanoB cocTaBnaeT nMLUb oneHb Manyw nacTb 
ot Bcex CABMroB, KOTopbie noABepratoTCfl 
noncKy. TaKMM o6pa30M, 6onbUJMHCTBO cabmtob 
npeBbnuawT nopor o6Hapy>KeHMfl, noTOMy hto 
HeT cm rHan a yAane h h o ro y ct po m ct Ba 

paAMOCBfl3M C AaHHbIM CABMTOM. 

Bo-BTopbix, CMman MO>xeT nocTynaTb c 
3aAaHHbiM CABMroM nceBAOLuyMOBoro CMmana, 
ho c 3aMMpaHneM Ha npoT^eHnn 6onbLueL>i 
nacTM Bcero BpeMeHM noncKa. KaK nojicH?inocb 
BbiLue, xapaKTepucTMKM MHoronyneBoro 
pacnpocTpaHeHnsq paflMOKaHana MoryT npMBecTH 
k 3aMMpaHMK) CMmana. 3aMMpaHne 
onpeAenaeTca xapaKrepucTHKaMU c|3a3npoBaHM5q 
KaHana c MHoronyneBbiM pacnpocTpaHeHMeM. 
3aMMpaHne no^BnqeTca, KorAa BeKTopbi 
MHoronyneBoro pacnpocTpaHeHns cyMMMpyjoTCfl 
He^naronpM^THbiM o6pa30M, o6pa3y?i 
npMHMMaeMbiM CMman, no ypoBHK) MeHbiuMM, 
neM nioGoM OTAenbHbiM BeKTop. TaKMM o6pa30M, 
ecnM CMman, KOTopbiM Ao^roe BpeMfl 6bin 
AocTOBepHbiM, BApyr cMnbHo 3aMMpaeT bo 
BpeMS npoBeAeHMS noMCKa, to oh He CMO>KeT 
6biTb o6Hapy>KeH b npoi4ecce noMCKa. 

B TpeTbMX, CMman MO>KeT nocTynMTb c 
3aAaHHbiM CABMroM nceBAOLuyMOBoro CMmana, 
ho b cnynae, KorAa nepeAaTHMK yAaneHHoro 
ycTpoMCTBa paAMOCBfi3M b paccMaTpMBaeMbiM 
nepMOA BpeMeHM He nepeAaeT CMman. KaK 
noficHfinocb Bbime, b npeAnoHTMTenbHOM 
BapMaHTe yAaneHHoe ycTpoMCTBO paAMOCB^3M 
cf)opMMpyeT naKeTHbiM CMTHan. YAaneHHoe 

yCTpOMCTBO paAHOCBfl3M C0A6P>KMT BOKOAep C 

perynMpyeMOM nacTOTOM, KOTopbiM cjDopMMpyeT 

SnOKM AaHHblX C M3MeH?ieMOM HaCTOTOM. 

PaHAOMM3aTop naKeTa AaHHbix onpeAenaeT, b 
TeneHMe KaKMX nepMOAOB BpeMeHM yAaneHHoe 
ycTpoMCTBO paAMOCB?i3M BeAeT nepeAany m b 
TeneHMe KaKMX nepMOAOB BpeMeHM oh He BeAeT 
nepeAany AaHHbix, BbiAaBaa CKopocTb nepeAaHM 
AaHHbix CMmana, noAne>KaLAero nepeAane, 

KOHKpeTHbIM MAeHTMQ>MKaL4MOHHblM HOMep 

yAaneHHoro ycTpoMCTBa paAMOCB?i3M m BpeMfl 
cyTOK. I~lpn paGoTe c nacTOTOM MeHbLuew nonHOM 
nacTOTbi, paHAOMM3aTop naKeTa AaHHbix b 
yAaneHHOM ycTpoMCTBe paAMOCB^3M 
pacnpeAenaeT cnynaMHbiM o6pa30M nepMOAbi 
aKTMBHoro BpeMeHM BHyTpM naKeTa nepeAaHM. 
CooTBeTCTByioLUMM paHAOMM33Top naKeTa 
AaHHbix TaioKe BKmonaeTcq b cocTaB 6a30B0M 

CT3HI4MM, TaK HTO 6a30Ba?1 CTaHI4Mfl MO>KeT 

Bocco3AaTb nceBAOcnynaMHoe pacnpeAeneHMe 

Ha OCHOBe BpeMeHM CyTOK M KOHKpeTHOrO 

MAeHTMQ>MKauMOHHoro HOMepa yAaneHHoro 
ycTpoMCTBa paAMOCBA3M, ho bo BpeMfl npoL^ecca 

nOMCKa OTCyTCTByeT MHC|30pMai4Mf1 O CKOpOCTM 

nepeAaHM. KaK 6bino OTMeneHO Bbime, nepMOAbi 
BpeMeHM BocbMMKpaTHOM nacTOTbi onpeAenflioT 
TaK Ha3biBaeMyio coBepiueHHyio rpynny 
BpeMeHHbix MHTepBanoB. TaKMM nyTeM, 

He3aBMCMMO OT CKOpOCTM AaHHblX B 
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nepeAaBaeiwoM cm mane, Kax<flbiM BpeMeHHofi 

nepMOfl, COOTBeTCTByfOLL^HM COBepilieHHOM 

rpynne, tohho cooTBeTCTByeT MHTepBany 
BpeMeHM, KorAa cooTBeTCTByHDL^ee yAaneHHoe 
ycTpoMCTBo paflnocBA3M nepeAaBano cuman. 
Bo BpeMS Bcex .qpyrux BpeMeHHbix MHTepBanoB 
yAaneHHoe ycipoMCTBO paAwocBS3H mokst 
nepeAaBaTb mjim He nepeflaBaTb flaHHbie b 

3aBMGMMOCTM OT COOTBeTCTByKDLi^eM CKOpOGTH 
KOflMpOBaHMfl. 

Ecru ycTaHOBJieH JiMHeMHbiM noncK, flnfl Toro 
HTo6bi nony^MTb AOCTOBepHbie H3MepeHws 
molahocth, to npoLjecc noncKa orpaHMHMBaeT 
noriHoe BpeMS noncKa /to ecTb KonwnecTBO 
HaKonneHnCi cumbojiob Yonwa Ha oahom 
noncKOBOM CABure/, HTo6bi HanaTb m 3aK0HHMTb 
noncK b rpaHML^ax oahom rpynnbi ynpaBneHHS 

MOLUHOCTblO, K3K Gonee nOflpO^HO O&bflCHRnOCb 
BblLJJe. CMMTaGTCfl, HTO nOMCK, MAy^HM TOflbKO 

BHyTpn oahom rpynnbi ynpaBneHws MoinHOCTbfo, 
CMHxpoHM3npoBaH c rpaHi^aMM rpynnbi 
ynpaBneHMfl MOLAHOCTbio. Ecru npoi^ecc noncKa 
c AaH h bi m CABuroM HaKann w Bancs 
Ge30THOCMTeribHO rpaHkm rpynnbi ynpaBneHi/m 
MOLAHOCTbio m yAaneHHoe ycTpoMCTBO 
paAMOCB?i3M nepeAaBano co CKopocTbio, 

MeHbLLieM nOflHOM CKOpOCTM, TO AOCTOBepHbie 

pe3yribTaTbi noncKa, cooTBeTCTByiomne rpynne 
ynpaBneHi/is MOLAHOCTbio, rAe CTpo6wpo Bancs 
cwman yAaneHHoro ycTpoCicTBa paAH0CBS3M, 
MoryT GbiTb npocyMMnpoBaHbi c wyMOM, 
HaKonneHHbiM bo BpeMS cneAyioLnefi rpynnbi 
ynpaBneHMS MomHOCTbio, KorAa cuman ot 
yAaneHHoro ycTpoMCTBa paAH0CBS3M He 
npoxoA^n. CyMMnpoBaHne pe3ynbTaTOB noncKa, 
cooTBeTCTByioLAMX rpynne ynpaBneHwa 
MomHOCTbio, KorAa cm man yAaneHHoro 
ycTpoMCTBa paAMOCBS3n He npoxoAHn, 
pa3pyLuaeT none3Hbie pe3ynbTaTbi, 
HaKonneHHbie bo BpeMS ynpaBneHws 
MOLAHOCTbio, KorAa en man yAaneHHoro MOAyns 
CTpoGwpo Bancs. 

Oahh H3 cnocoGoB noncKa mo>kho 
ncnonb30BaTb a/ia noncKa TonbKO Tex rpynn 
ynpaBneHns MOLAHOCTbio, KOTOpbie 
cooTBeTCTByioT coBepLueHHbiM rpynnaM. flawe 
ecnn BbinonHseTcs noncK TonbKO coBepweHHOM 
rpynnbi, npoL^ecc noncKa v\ npoi^ecc 
pacnpeAeneHns sneMeHTOB ASMOAynsi_|MM 
Aon>KeH 6biTb b coctoshmh oGpaGoTaTb 
cuTyai^nio, npM KOTopoCi HaKonneHHas SHeprns 
He npeBbiLuaeT nopor oGHapyweHns, ho b 
AeMCTBMTenbHOCTM cm man co cabmtom 
npucyTCTByeT GnaroAaps xapaKTepucTHKaivi 
HenpeACKa3yeMoro 3aMwpaHws KaHana. TaKMM 
o6pa30M, ecTb Gonee sc^cj^eKTMBHas cxeivia atis 
HaKonneHns SHeprnn bo Bcex rpynnax 
ynpaBneHns MomHOCTbio, He3aBncnivio ot Toro, 

COOTBeTCTByiOT V\YUA HeT OHM COBepLUeHHblM 

rpynnaM. Ecnn npn nowcKe o6"Hapy>KHBaeTcs 
SHepms, KOTopas He cooTBeTCTByeT 
coBepiueHHOM rpynne, reHepupyioTcs 
AononHMTenbHbie AOCTOBepHbie AaHHbie b 
Ao6aBneHne k AaHHbiM, reHepi/ipyeMbiM Ha 
ocHOBe noMCKa TonbKO coBepweHHofi rpynnbi. 

KaK OTMenanocb Bbiwe, noncK npeaMoynw 
OTnMHaeTcs ot noncKa, BbinonHseivioro bo BpeMS 
pa6oTbi KaHana TpacjDMKa. KorAa yAaneHHoe 
ycTpoMCTBO paAnocBS3M M3HananbHO nbiTaeTcs 
nonyHMTb AOCTyn b cucTeiviy, oh nocbinaeT 
cuman paAHOMasKa, Ha3biBaeMbiM npeaM^ynoPi, 
b kotopom ncnonb3yeTcs HyneBOM cuMBon 
YonLua. HyneBOM cuMBon Yomua - sto cuMBon 
Yonnia, kotophm coAep>KMT Bee nornnecKMe 
Hynn BiwecTO nonoBMHbi eAMHMLi n nonoBMHbi 
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Hynefi, KaK onucbiBanocb Bbime. npn 
BbinonHeHnn noncKa npeaM6ynbi noncKOBoe 
ycTpowcTBO HLU,eT nio6oe yAaneHHoe ycTpoMCTBO 
paAMOCBS3M, nocbinafoii^ee curHan paAwoiviasKa 
M3 HyneBbix ci/iMBonoB Yoniua no KaHany 
AOCTyna. B npeAnoHTMTenbHOM BapnaHTe 
nepeAana npeaM6ynbi BcerAa mast c nonHofi 
CKopocTbio n HMKorAa He npepbiBaeTCS. TaKMM 
o6pa30M, bo BpeMS noncKa npeaM^ynbi HeT 

HeOOXOAWMOCTH B CMHXpOHM3ai4MM c rpaHMi^aMM 

rpynnbi ynpaBneHns MomHOCTbio. 

CymecTByeT MHO>KecTBO KOHcfurypaLiMM 

CUCTeM CBS3H C KOnneKTMBHbIM AOCTyn OM M 

pacujupeHHbiM cneKTpoM, noAPo6HO 3Aecb He 

OnMCaHHblX, HO B KOTOpblX npMMeHMMO 

HacTOSLAee M3o6peTeHne. HanpuMep, BMecTO 
KOAnpoBaHns Yonuja m AeKOAnpoBaHns c 
ncnonb30BaHneM EI1A mo>kho Gbino o"bi 
ncnonb30BaTb Apyrwe MeTOAbi KOAnpoBaHns v\ 
AeKOAH poBaH ms . n peAbiAy Li^ee on ncaH ne 
npeAnoHTMTenbHbix BapnaHTOB npeAHa3HaneHO 
Ans Toro, HTo6bi cnei^ManncTbi Mornn 
ocymecTBMTb n ncnonb30BaTb HacTosmee 
M3o6peTeHne. Cnei^nanncTaM Aon>KHbi GbiTb 

OMeBMAHbl pa3nWHHbie MOAUCjDMKai^MM 3TMX 

BapnaHTOB, a ccjxjpMyni'ipoBaHHbie 3Aecb 
ncxoAHbie npuHi^nnbi MoryT 6biTb npuMeHeHbi b 
Apyrux BapnaHTax oe3 ncnonb30BaHns 
M3oGpeTaTenbCKMX cnoco^HOCTeM. TaKMM 
o6pa30M, npeAnonaraeTcs, hto HacTosmee 
M3oGpeTeHne He orpaHMHUBaeTcs noKa3aHHbiMM 
3Aecb BapnaHTaMM ero ocy la^ct Bne h m s , a 

AOn>KHO COOTBeTCTBOBaTb CaMOMy LJJMpOKOMy 

o6"beMy, cornacyioL^eMycs c pacKpbiTbiMM 3Aecb 

npi/IHI4HnaMM M HOBblMI/l npi/i3HaKaMi/i. 

Oopwiyna M3o6peTeHH5i: 

1. Cnocoo" npneMa curHana, coAep>KaLAero 
rpynny cumanoB Bbi30BOB c pacLunpeHHbiM 
cneKTpoM, coBMecTHO Mcnonb3yioL^MX oGmyio 
nonocy nacTOT, b kotopom Kax<Abiti M3 
yKa3aHHbix CMmanoB Bbi30BOB c pacLnnpeHHbiM 
cneKTpoM coAep>KMT nocneAOBaTenbHOCTb 6mt, 
3aKOAMpoBaHHbix b rpynnax cjDMKCupoBaHHOM 
AnnHbi b BMAe nocneAOBaTenbHOCTb ci/iMBonoB, 
npn^eM nocneAOBaTenbHOCTb yKa3aHHbix 
CMMBonoB rpynnnpyeTcs BMecTe b rpynnbi 
ynpaBneHMS, MomHOCTbio, rAe Ka>KAbiM cm m Bon b 
o§u\e\A rpynne ynpaBneHns MomHOCTbio 
nepeAaeTcs c oGli^mm ypoBHeM molahoctm, m 
yKa3aHHbie rpynnbi ynpaBneHMS MomHOCTbio 
nepeAaioTcs b naKeTax, v\ BbiAeneHns OAHoro M3 
yKa3aHHbix cumanoB Bbi30Ba M3 yK33aHHOM 
rpynnbi Ans onpeAeneHns ypoBHS cumana 

Bbl30Ba C BpeMeHHbIM CABMTOM M3-3a 33Aep>KKM 

Ha Tpace pacnpocTpaHeHns no OTHOLueHMio k 
onopHOMy BpeMeHM c HyneBbiM cabhtom, 
OTnuHafOLi^MMCs TeM, hto cnoco6 BKnionaeT 
STanu, npn KOTOpbix ocyii^ecTBnsioT 
3anoMMHaHne 6mt AaHHbix nceBAOiuyMOBOM 
nocneAOBaTenbHOCTb (ncn) b Gycpepe ncn, 
3anoMMHaHne nepBoro npuHSToro Ha6opa 
BbiSopoK cumanoB Bbi30BOB b Gycpepe BbiGopoK, 
MMefOLi^eM orpaHnneHHyio eMKOCTb, c>KaTMe 
HaGopa nepBOM cjDMKCupoBaHHOM AnnHbi H3 

yKa3aHHblX BblGopOK CUTHanOB Bbl30BOB M3 

6ycf)epa BbiGopoK, cooTBeTCTByfoi^nx nepBOMy 
BpeMeHM 3aAep>KKM Ha Tpacce 
pacnpocTpaHeHns, c noMou^bio nepBoro HaGopa 
Gut AaHHbix ncn M3 GycjDepa ncn ahs 
nonyneHns nepBoro OKaToro BbixoAHoro 
cumana, 3anoMMHaHne BToporo npuHSToro 
Ha6opa Bbi6opoK cumanoB bn30bob b Gycfepe 
BbiGopoK, OKaTue HaGopa btopom 

CjDMKCMpOBaHHOM ATlUHbl M3 Bbl6opOK CI/1 TH an OB 

Bbi30BOB M3 Gycfiepa BbiGopoK, 



CM 
O 

CM 
O 

to 



-23- 



C00TBeTCTByK3Li^MX BTopoMy BpeiweHM 3aflep>KKM 
Ha Tpacce pacnpocTpaHeHHfl, c noMom,bKD 
nepBoro Haoopa 6 m flaHHbix ncn M3 
yKa3aHHoro 6ycjDepa ncn Ana nonyneHMfl 
BToporo c>KaToro BbixoflHoro cwmana, npn stom 

Ha6op BTOpOM CjDMKCHpOBaHHOM ATlMHbl M3 
BblOOpOK C^rHaJlOB Bbl30BOB COflep>KMT OOJlbUJOe 
MMCJIO TaKHX >Ke Bbl6opOK CMmanOB Bbl30BOB ; 
HTO M HaGop nepBOM CjDMKCMpOBaHHOM AnMHbl M3 

BbiGopoK cumanoB Bbi30BOB, AfinHa nepBoro h 
BToporo npuHFiTbix HaoopoB BbioopoK cm man OB 

Bbl30BOB flBJlfleTCfl HaCTbJO CpklKCkipOBaHHOfi 

AnnHbi Haoopa nepBOM n BTopofi 
CjDMKCHpOBaHHOM A™hlbl H3 BbioopoK cumanoB 

Bbi30BOB, npuHSM 3Tanbi 3anoMHHaHMfi Haoopa 

nepBOM M BTOpOM Cj^MKCMpOBaHHOM AJ™Hbl M3 

Bbi6opoK cumanoB Bbi30BOB h STanbi OKaTMfl 

Ha^Opa nepBOM M BTOpOM CjDMKCMpOBaHHQM 
ATlMHbl M3 BblOOpOK CWmanOB BN30BOB 
BbinOJIHfllOTCfl He3aBMCMMO OT BepOflTHOCTM 
TOrO, MTO OflMH M3 CWmanOB Bbl30BOB COflep>KMT 

oflHy M3 rpynn ynpaBnehma Mom,HOCTbfo. 

2. CnocoS npweivia ci/imana, coAepwamero 
rpynny curHanoB Bbi30BOB c pacLunpeHHbiM 
cneKTpoM, coBMecTHO ncnonb3yioLHMX o6myfo 
norocy nacTOT, v\ BbifleneHM^ nepBoro ci/imana 
M3 rpynnbi cumanoB c pacLUMpeHHbiM cneKTpoM 
Ana onpeAeneHMfl ypoBHfl cumana c 
BpeMBHHbiM cflBuroM M3-3a 3aflep>KKM Ha Tpacce 
pacnpodpaHeHMfl no OTHOweHwo k onopHOMy 
BpeivieHM c HyrieBbiM CABwroM nepBoro ci/imana, 
npMHeM nepBbiM caiman coAepwm 
nocneflOBaTenbHOCTb cmmbojiob, KOTopaa 
rpynnnpyeTCiR bmscto b Haoop cmmbojiob, 
Ka>KflbiM cuMBon b o6meM Haoope cmmbojiob 
nepeAaeTC^ c cjDMKCupoBaHHbiM ypoBHeiw 



MOL14HOCTM, a nocrieAOBaTenbHbie Haoopbi 
cmmbojiob MoryT nepeflaBaTbca c pa3nnHHbiMM 
ypoBHAMU curHana, npuneiw yKa3aHHbie 
pa3fiMMHbie ypoBHM ci/imana BKJiKDMafOT b ce6a 
HyrieBOM ypoBeHb, Korfla nepefla^a nepBoro 

5 cumana npepbiBaeTca, oTnwHajoLUHwcfl t&m, mto 
BKnranaeT 3Tanbi, npn KOTopbix ocym,ecTBnflK)T 
noncK nepBoro Ha6opa BbioopoK cumanoB 
Bbi30BOB, cooTBeTCTByfom,ero nepBOMy Haoopy 
cuMBonoB flnw nepBoro cumana c nepBbiM 

1Q cflBuroM Ana nonyneHMfi nepBofi ou,eHKi/i ero 
moluhoctm, noncK BToporo Haoopa BblOOpOK 
cumanoB Bbi30BOB, cooTBeTCTByfou^nx nepBOMy 
Ha6opy CMMBonoB ppn nepBoro cumana c 
nepBbiM cflBuroM aha nonyneHHfl BTopow ou,eHKM 

em MOLU.HOCTM, cyMMHpoBaHMe nepBow v\ BTOpOM 
15 ou,eHOK MOLU.HOCTM AJifl nonyneHMfl OU,eHKM 

ypOBHfl MOLU,HOCTH Ha6opa CMMBOnOB c nepBbiM 

CABuroM, noncK TpeTbero Ha6opa Bbi6opoK 
cumanoB Bbi30BOB, cooTBeTCTBytomero BTopoMy 
Ha6opy CMMBonoB ah^ nepBoro cumana co 
BTopbiM CABuroM nonyneHMfi TpeTbeM 

20 OI4GHKM erO MOLU.HOCTM, noncK HGTBepToro 
Ha^opa BbioopoK cumanoB Bbi30BOB, 
cooTBeTCTByfom,ero BTopoMy Ha6opy CMMBonoB 
Ana nepBoro curHana c BTopbiM cabmtom Ana 
nonyneHMfl neTBepTOM oi^eHKM era moluhoctm m 
cyMMnpoBaHne TpeTbeM n neTBepTOM oi^eHOK 

25 molu,hoctm ati^ nony^eHMyi ou,eHKi/i ypoBHfl 

MOLU,HOCTM HaSopa CMMBOnOB C BTOpbIM 

CABuroM, npn 3tom nepBbiM Ha6"op CMMBonoB n 

BTOpOM Ha6op CMMBOnOB COOTBGTCTByfOT 

HaGopaM CMe>KHbix bo BpeivieHM CMMBonoB, 
3Q npimeM STanbi noncKa BbinonH^K)TC5i 

HenpepbiBHO He3aBMCMM0 ot epHKewpoBaHHoro 

ypOBH^ MOLU.HOCTM. 
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METHOD OF RECEIVING AND SEARCHING A SIGNAL TRANSMITTED IN BURSTS 

BACKGROUND OF THE INVENTION 

I. Field of the Invention 

The present application is a continuation-in-part application of 
copending U.S. Patent Application Serial No. 08/316,177, filed September 30, 

1 0 1994, entitled MULTIPATH SEARCH PROCESSOR FOR A SPREAD 

SPECTRUM MULTIPLE ACCESS COMMUNICATION SYSTEM. The present 
invention relates generally to spread spectrum communication systems and, 
more particularly, to signal processing in a cellular telephone communication 
j system. 

II. Description of the Related Art 

In a wireless telephone communication system such as cellular 
telephone systems, personal communications systems, and wireless local loop 

2 0 system, many users communicate over a wireless channel to connect to 

wireline telephone systems. Communication over the wireless channel can 
be one of a variety of multiple access techniques which facilitate a large 
number of users in a limited frequency spectrum. These multiple access 
techniques include time division multiple access (TDMA), frequency division 

2 5 multiple access (FDMA), and code division multiple access (CDMA). The 

CDMA technique has many advantages and an exemplary CDMA system is 
described in U.S. Patent No. 4,901,307 issued February 13, 1990 to K. Gilhousen 
et al., entitled "SPREAD SPECTRUM MULTIPLE ACCESS 
COMMUNICATION SYSTEM USING SATELLITE OR TERRESTRIAL 

3 0 REPEATERS," assigned to the assignee of the present invention and 

incorporated herein by reference. 

In the just mentioned patent, a multiple access technique is disclosed 
where a large number of mobile telephone system users, each having a 
transceiver, communicate through satellite repeaters or terrestrial base 

3 5 stations using CDMA spread spectrum communication signals. In using 

CDMA communications, the frequency spectrum can be reused multiple 
times thus permitting an increase in system user capacity. 

The CDMA modulation techniques disclosed in U.S. Patent 
No. 4,901,307 offer many advantages over narrow band modulation 

4 0 techniques used in communication systems using satellite or terrestrial 

channels. The terrestrial channel poses special problems to any 
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communication system particularly with respect to multipath signals. The 
use of CDMA techniques permits the special problems of the terrestrial 
channel to be overcome by mitigating the adverse effect of multipath, e.g. 
fading, while also exploiting the advantages thereof. 
5 The CDMA techniques as disclosed in U.S. Patent No. 4,901,307 

contemplate the use of coherent modulation and demodulation for both 
directions of the link in remote unit-satellite communications. Accordingly, 
disclosed therein is the use of a pilot carrier signal as a coherent phase 
reference for the satellite-to-remote unit link and the base station-to-remote 

1 0 unit link. In the terrestrial cellular environment, however, the severity of 

multipath fading with the resulting phase disruption of the channel, as well 
as the power required to transmit a pilot carrier signal from the remote unit, 
precludes usage of coherent demodulation techniques for the remote unit-to- 
base station link. U.S. Patent No. 5,103,459 entitled "SYSTEM AND METHOD 
15 FOR GENERATING SIGNAL WAVEFORMS IN A CDMA CELLULAR 
TELEPHONE SYSTEM", issued June 25, 1990, assigned to the assignee of the 
present invention, the disclosure of which is incorporated by this reference, 
provides a means for overcoming the adverse effects of multipath in the 
remote unit-to-base station link by using noncoherent modulation and 

2 0 demodulation techniques. 

In a CDMA cellular telephone system, the same frequency band can be 
used for communication in all base stations. At the base station receiver, 
separable multipath, such as a line of site path and another path reflecting off 
of a building, can be diversity combined for enhanced modem performance. 

2 5 The CDMA waveform properties that provide processing gain are also used to 

discriminate between signals that occupy the same frequency band. 
Furthermore, the high speed pseudonoise (PN) modulation allows many 
different propagation paths of the same signal to be separated, provided the 
difference in path delays exceeds the PN chip duration. If a PN chip rate of 

3 0 approximately 1 MHz is employed in a CDMA system, the full spread 

spectrum processing gain, equal to the ratio of the spread bandwidth to the 
system data rate, can be employed against paths having delays that differ by 
more than one microsecond. A one microsecond path delay differential 
corresponds to differential path distance of approximately 300 meters. The 
3 5 urban environment typically provides differential path delays in excess of one 
microsecond. 

The multipath properties of the terrestrial channel produce at the 
receiver signals having traveled several distinct propagation paths. One 
characteristic of a multipath channel is the time spread introduced in a signal 
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that is transmitted through the channel For example, if an ideal impulse is 
transmitted over a multipath channel, the received signal appears as a stream 
of pulses. Another characteristic of the multipath channel is that each path 
through the channel may cause a different attenuation factor. For example, if 
5 an ideal impulse is transmitted over a multipath channel, each pulse of the 
received stream of pulses generally has a different signal strength than other 
received pulses. Yet another characteristic of the multipath channel is that 
each path through the channel may cause a different phase on the signal. For 
example, if an ideal impulse is transmitted over a multipath channel, each 
1 0 pulse of the received stream of pulses generally has a different phase than 
other received pulses. 

In the radio channel, the multipath is created by reflection of the signal 
from obstacles in the environment, such as buildings, trees, cars, and people. 
In general the radio channel is a time varying multipath channel due to the 

1 5 relative motion of the structures that create the multipath. For example, if an 

ideal impulse is transmitted over the time varying multipath channel, the 
received stream of pulses would change in time location, attenuation, and 
phase as a function of the time that the ideal impulse was transmitted. 

The multipath characteristic of a channel can result in signal fading. 

2 0 Fading is the result of the phasing characteristics of the multipath channel. A 

fade occurs when multipath vectors are added destructively, yielding a 
received signal that is smaller than either individual vector. For example, if a 
sine wave is transmitted through a multipath channel having two paths 
where the first path has an attenuation factor of X dB, a time delay of 5 with a 

2 5 phase shift of © radians, and the second path has an attenuation factor of 

X dB, a time delay of 5 with a phase shift of 0 + n radians, no signal would be 
received at the output of the channel. 

In narrow band modulation systems such as the analog FM 
•modulation employed by conventional radio telephone systems, the existence 

3 0 of multiple paths in the radio channel results in severe multipath fading. As 

noted above with a wideband CDMA, however, the different paths may be 
discriminated in the demodulation process. This discrimination not only 
greatly reduces the severity of multipath fading but provides an advantage to 
the CDMA system. 

3 5 Diversity is one approach for mitigating the deleterious effects of 

fading. It is therefore desirable that some form of diversity be provided which 
permits a system to reduce fading. Three major types of diversity exist: time 
diversity, frequency diversity, and space /path diversity. 
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Time diversity can best be obtained by the use of repetition, time 
interleaving, and error correction and detection coding which introduce 
redundancy. A system comprising the present invention may employ each of 
these techniques as a form of time diversity. 
5 CDMA by its inherent wideband nature offers a form of frequency 

diversity by spreading the signal energy over a wide bandwidth. Therefore, 
frequency selective fading affects only a small part of the CDMA signal 
bandwidth. 

Space and path diversity are obtained by providing multiple signal 
1 0 paths through simultaneous links from a remote unit through two or more 
base stations and by employing two or more spaced apart antenna elements at 
a single base station. Furthermore, path diversity may be obtained by 
exploiting the multipath environment through spread spectrum processing 
by allowing a signal arriving with different propagation delays to be received 

1 5 and processed separately as discussed above. Examples of path diversity are 

illustrated in U.S. Patent No. 5,101,501 entitled "SOFT HANDOFF IN A 
CDMA CELLULAR TELEPHONE SYSTEM", issued March 21, 1992 and U.S. 
Patent No. 5,109,390 entitled "DIVERSITY RECEIVER IN A CDMA 
CELLULAR TELEPHONE SYSTEM", issued April 28, 1992, both assigned to 

2 0 the assignee of the present invention. 

The deleterious effects of fading can be further controlled to a certain 
extent in a CDMA system by controlling transmitter power. A system for base 
station and remote unit power control is disclosed in U.S. Patent No. 5,056,109 
entitled "METHOD AND APPARATUS FOR CONTROLLING 

2 5 TRANSMISSION POWER IN A CDMA CELLULAR MOBILE TELEPHONE 

SYSTEM", issued October 8, 1991, also assigned to the assignee of the present 
invention. 

The CDMA techniques as disclosed in U.S. Patent No. 4,901,307 
contemplate the use of relatively long PN sequences with each remote unit 

3 0 user being assigned a different PN sequence. The cross-correlation between 

different PN sequences and the autocorrelation of a PN sequence, for all time 
shifts other than zero, both have a nearly zero average value which allows 
the different user signals to be discriminated upon reception. 
(Autocorrelation and cross-correlation requires logical "0" take on a value of 
3 5 "1" and logical T' take on a value of "-1" or a similar mapping in order that a 
zero average value be obtained.) 

However, such PN signals are not orthogonal. Although the cross- 
correlation essentially averages to zero over the entire sequence length, for a 
short time interval, such as an information bit time, the cross-correlation is a 
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15 



random variable with a binomial distribution. As such, the signals interfere 
with each other in much the same way as they would if they were wide 
bandwidth Gaussian noise at the same power spectral density. Thus the other 
user signals, or mutual interference noise, ultimately limits the achievable 
capacity. 

It is well known in the art that a set of n orthogonal binary sequences, 
each of length n, for n any power of 2 can be constructed, see Digital 
Communications with Space Applications, S.W. Golomb et al., Prentice-Hall, 
Inc., 1964, pp. 45-64. In fact, orthogonal binary sequence sets are also known 
for most lengths which are multiples of four and less than two hundred. One 
class of such sequences that is easy to generate is called the Walsh function, 
also known as Hadamard matrices. 

A Walsh function of order n can be defined recursively as follows: 



W(n) = 



W(n/2) , W(n/2) 
W(n/2) , W(n/2) 



where W denotes the logical complement of W, and W(l) = 1 0 | . 



2 0 Thus, 



25 



W(2) 
W(4) 



0, 0 

0, 1 

0, 0, 0, 0 

0, 1, 0, 1 

0, 0, 1, 1 

0, 1, 1, 0 



, and 



3 0 0, 0, 0, 0, 0, 0, 0, 0 

0, 1, 0, 1, 0, 1, 0, 1 

0, 0, 1, 1, 0, 0, 1, 1 

W(8) = 0, 1, 1, 0, 0, 1, 1, 0 

0, 0, 0, 0, 1, 1, 1, 1 

3 5 0, 1, 0, 1, 1, 0, 1, 0 

0, 0, 1, 1, 1, 1, 0, 0 

0, 1, 1, 0, 1, 0, 0, 1 

A Walsh symbol, sequence, or code is one of the rows of a Walsh 

4 0 function matrix. A Walsh function matrix of order n contains n sequences, 

each of length n Walsh chips. Each Walsh code has a corresponding Walsh 
index where the Walsh index refers to the number (1 through n) 
corresponding to the row in which a Walsh code is found. For example, for 
n=8 Walsh function matrix given above, the all zeroes row corresponds to 
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Walsh index 1 and the Walsh code 0, 0, 0, 0, I, 1, 1, 1 corresponds to 
Walsh index 5. 

A Walsh function matrix of order n (as well as other orthogonal 
functions of length n) has the property that over the interval of n bits, the 
5 cross-correlation between all the different sequences within the set is zero. 
This can be seen by noting that every sequence differs from every other 
sequence in exactly half of its bits. It should also be noted that there is always 
one sequence containing all zeroes and that all the other sequences contain 
half ones and half zeroes. The Walsh symbol which consists all logical zeros 
1 0 instead of half one's and zero's is called the Walsh zero symbol. 

On the reverse link channel from the remote unit to the base station, 
no pilot signal exists to provide a phase reference. Therefore a method is 
needed to provide a high-quality link on a fading channel having a low 
Eb/No (energy per bit/noise power density). Walsh function modulation on 

1 5 the reverse link is a simple method of obtaining 64-ary modulation with 

coherence over the set of six code symbols mapped into the 64 Walsh codes. 
The characteristics of the terrestrial channel are such that the rate of change of 
phase is relatively slow. Therefore, by selecting a Walsh code duration which 
is short compared to the rate of change of phase on the channel, coherent 

2 0 demodulation over the length of one Walsh code is possible. 

On the reverse link channel, the Walsh code is determined by the 
information being transmitted from the remote unit. For example, a three bit 
information symbol could be mapped into the eight sequences of W(8) given 
above. An "unmapping" of the Walsh encoded symbols into an estimate of 

2 5 the original information symbols may be accomplished in the receiver by a 

Fast Hadamard Transform (FHT). A preferred "unmapping" or selection 
process produces soft decision data which can be provided to a decoder for 
maximum likelihood decoding. 

An FHT is used to perform the "unmapping" process. An FHT 

3 0 correlates the received sequence with each of the possible Walsh sequences. 

Selection circuitry is employed to select the most likely correlation value, 
which is scaled and provided as soft decision data. 

A spread spectrum receiver of the diversity or "rake" receiver design 
comprises multiple data receivers to mitigate the effects of fading. Typically 
3 5 each data receiver is assigned to demodulate a signal which has traveled a 
different path, either through the use of multiple antennas or due to the 
multipath properties of the channel. In the demodulation of signals 
modulated according to an orthogonal signaling scheme, each data receiver 
correlates the received signal with each of the possible mapping values using 
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an FHT. The FHT outputs of each data receiver are combined and selection 
circuitry then selects the most likely correlation value based on the largest 
combined FHT output to produce a demodulated soft decision symbol. 

In the system described in the U.S. Patent No. 5,103,459, the call signal 
5 begins as a 9600 bit per second information source which is then converted by 
a rate 1/3 forward error correction encoder to a 28,800 symbols per second 
output stream. These symbols are grouped 6 at a time to form 4800 Walsh 
symbols per second, each Walsh symbol selecting one of sixty-four orthogonal 
Walsh functions that are sixty-four Walsh chips in duration. The Walsh 
1 0 chips are modulated with a user-specific PN sequence generator. The user- 
specific PN modulated data is then split into two signals, one of which is 
modulated with an in-phase (I) channel PN sequence and one of which is 
modulated with a quadrature-phase (Q) channel PN sequence. Both the I 
channel modulation and the Q channel modulation provide four PN chips 

1 5 per Walsh chip with a 1.2288 MHz PN spreading rate. The I and the Q 

modulated data are Offset Quadrature Phase Shift Keying (OQPSK) combined 
for transmission. 

In the CDMA cellular system described in the above-referenced U.S. 
Patent No. 4,901,307, each base station provides coverage to a limited 

2 0 geographic area and links the remote units in its coverage area through a 

cellular system switch to the public switched telephone network (PSTN). 
When a remote unit moves to the coverage area of a new base station, the 
routing of that user's call is transferred to the new base station. The base 
station-to-remote unit signal transmission path is referred to as the forward 

2 5 link and the remote unit-to-base station signal transmission path is referred 

to as the reverse link. 

As described above, the PN chip interval defines the minimum 
separation two paths must have in order to be combined. Before the distinct 
paths can be demodulated, the relative arrival times (or offsets) of the paths in 

3 0 the received signal must first be determined. The channel element modem 

performs this function by "searching" through a sequence of potential path 
offsets and measuring the energy received at each potential path offset. If the 
energy associated with a potential offset exceeds a certain threshold, a signal 
demodulation element may be assigned to that offset. The signal present at 
3 5 that path offset can then be summed with the contributions of other 
demodulation elements at their respective offsets. A method and apparatus 
of demodulation element assignment based on searcher demodulation 
element energy levels is disclosed in co-pending U.S. Patent Application 
Serial No. 08/144,902 entitled "DEMODULATION ELEMENT ASSIGNMENT 
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IN A SYSTEM CAPABLE OF RECEIVING MULTIPLE SIGNALS/' filed 
October 28, 1993, assigned to the assignee of the present invention. Such a 
diversity or rake receiver provides for a robust digital link, because all paths 
have to fade together before the combined signal is degraded. 
5 FIG. 1 shows an exemplary set of signals from a single remote unit 

arriving at the base station. The vertical axis represents the power received 
on a decibel (dB) scale. The horizontal axis represents the delay in the arrival 
time of a signal due to multipath delays. The axis (not shown) going into the 
page represents a segment of time. Each signal spike in the common plane of 
1 0 the page has arrived at a common time but was transmitted by the remote 
unit at a different time. In a common plane, peaks to the right were 
transmitted at an earlier time by the remote unit than peaks to the left. For 
example, the left-most peak spike 2 corresponds to the most recently 
transmitted signal. Each signal spike 2-7 has traveled a different path and 

1 5 therefore exhibits a different time delay and a different amplitude response. 

The six different signal spikes represented by spikes 2 - 7 are representative of 
a severe multipath environment. Typical urban environments produce 
fewer usable paths. The noise floor of the system is represented by the peaks 
and dips having lower energy levels. The task of a searcher element is to 

2 0 identify the delay as measured by the horizontal axis of signal spikes 2 - 7 for 

potential demodulation element assignment. The task of the demodulation 
element is to demodulate a set of the multipath peaks for combination into a 
single output. It is also the task of the demodulation elements once assigned 
to a multipath peak to track that peak as it may move in time. 

2 5 The horizontal axis can also be thought of as having units of PN offset. 

At any given time, the base station receives a variety of signals from a single 
remote unit, each of which has traveled a different path and may have a 
different delay than the others. The remote unit's signal is modulated by a 
PN sequence. A copy of the PN sequence is also generated at the base station. 

3 0 At the base station, each multipath signal is individually demodulated with a 

PN sequence code aligned to its timing. The horizontal axis coordinates can 
be thought of as corresponding to the PN sequence code offset which would be 
used to demodulate a signal at that coordinate. 

Note that each of the multipath peaks varies in amplitude as a function 
3 5 of time as shown by the uneven ridge of each multipath peak. In the limited 
time shown, there are no major changes in the multipath peaks. Over a more 
extended time range, multipath peaks disappear and new paths are created as 
time progresses. The peaks can also slide to earlier or later offsets as the path 
distances change as the remote unit moves around in the coverage area of the 
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base station. Each demodulation element tracks small variations in the signal 
assigned to it. The task of the searching process is to generate a log of the 
current multipath environment as received by the base station. 

In a typical wireless telephone communication system, the remote unit 
5 transmitter may employ a vocoding system which encodes voice information 
in a variable rate format. For example, the data rate may be lowered due to 
pauses in the voice activity. The lower data rate reduces the level of 
interference to other users caused by the remote unit transmissions. At the 
receiver, or otherwise associated with the receiver, a vocoding system is 
1 0 employed for reconstructing the voice information. In addition to voice 
information, non-voice information alone or a mixture of the two may be 
transmitted by the remote unit. 

A vocoder which is suited for application in this environment is 
described in copending U.S. patent application Serial No. 08/363,170, entitled 

1 5 "VARIABLE RATE VOCODER/' filed December 23, 1994 and assigned to the 

assignee of the present invention. This vocoder produces from digital 
samples of the voice information encoded data at four different rates, e.g. 
approximately 8,000 bits per second (bps), 4,000 bps, 2,000 bps and 1,000 bps, 
based on voice activity during a 20 millisecond (ms) frame. Each frame of 

2 0 vocoder data is formatted with overhead bits as 9,600 bps, 4,800 bps, 2,400 bps, 

and 1,200 bps data frames. The highest rate data frame which corresponds to 
a 9,600 bps frame is referred to as a "full rate" frame; a 4,800 bps data frame is 
referred to as a "half rate" frame; a 2,400 bps data frame is referred to as a 
"quarter rate" frame; and a 1,200 bps data frame is referred to as an "eighth 

2 5 rate" frame. In neither the encoding process nor the frame formatting process 

is rate information included in the data. When the remote unit transmits 
data at less than full rate, the duty cycle of the remote units transmitted signal 
is the same as the data rate. For example, at quarter rate a signal is transmitted 
from the remote unit only one quarter of the time. During the other three 

3 0 quarters time, no signal is transmitted from the remote unit. 

The remote unit includes a data burst randomizer. The data burst 
randomizer determines during which time periods the remote unit transmits 
and during which time periods it does not transmit given the data rate of the 
signal to be transmitted, a remote unit specific identifying number, and the 
3 5 time of day. When operating at less than full rate, the data burst randomizer 
within the remote unit pseudorandomly distributes the active time periods 
within the transmission burst. A corresponding data burst randomizer is also 
included in the base station such that the base station can recreate the 
pseudorandom distribution based on the time of day and the remote unit 
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specific identifying number but the base station is unaware, a priori, of the 
data rate of the transmitted signal. 

The eighth rate time periods determine a so called worthy group of 
time periods. A remote unit operating at quarter rate transmits during the 
5 worthy group time periods and another set of pseudorandomly distributed 
periods. A remote unit operating in half rate transmits during the quarter 
rate time periods and another set of pseudorandomly distributed periods. A 
remote unit operating in full rate transmits continually. In this way, 
regardless of the data rate of the transmitted signal, each time period 

1 0 corresponding to the worthy group is sure to correspond to a time when the 

corresponding remote unit is transmitting a signal. Further details on the 
data burst randomizer are described in copending U.S. patent application 
Serial No. 08/291,647, entitled "DATA BURST RANDOMIZER," filed 
August 16, 1994, and assigned to the assignee of the present invention. 
15 To conserve system resources for actual data of voice transmissions, the 

remote unit does not transmit the rate for each frame. Therefore, the receiver 
must determine the rate at which the data was encoded and transmitted based 
on the received signal so that the receiver associated vocoder can properly 
reconstruct the voice information. A method of determining the rate at 

2 0 which burst data was encoded without receiving rate information from the 

transmitter is disclosed in co-pending U.S. Patent Serial No. 08/233,570, 
entitled "METHOD AND APPARATUS FOR DETERMINING DATA RATE 
OF TRANSMITTED VARIABLE RATE DATE IN A COMMUNICATIONS 
RECEIVER" filed April 26, 1994, and assigned to the assignee of the present 

2 5 invention. The method of determining data rate disclosed in the above 

mentioned patent application is performed after the signal has been received 
and demodulated therefore the rate information is not available during the 
searching process. 

At the base station, each individual remote unit signal must be 

3 0 identified from the ensemble of call signals received. A system and method 

for demodulating a remote unit signal received at a base station is described, 
for example, in U.S. Patent No. 5,103,459. FIG. 2 is a block diagram of the base 
station equipment described in U.S. Patent No. 5,103,459 for demodulating a 
reverse link remote unit signal. 
3 5 A typical prior art base station comprises multiple independent 

searcher and demodulation elements. The searcher and demodulation 
elements are controlled by a microprocessor. In this exemplary embodiment, 
to maintain a high system capacity, each remote unit in the system does not 
transmit a pilot signal. The lack of a pilot signal on the reverse link increases 
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the time needed to conduct a survey of all possible time offsets at which a 
remote unit signal may be received. Typically, a pilot signal is transmitted at a 
higher power than the traffic bearing signals thus increasing the signal to 
noise ratio of the received pilot signal as compared to the received traffic 
5 channel signals. In contrast, ideally each remote unit transmits a reverse link 
signal which arrives with a power level equal to the power level received 
from every other remote unit therefore having a low signal to noise ratio. 
Also, a pilot channel transmits a known sequence of data. Without the pilot 
signal, the searching process must examine all possibilities of what data may 
1 0 have been transmitted. 

FIG. 2 shows an exemplary embodiment of a prior art base station. The 
base station of FIG. 2 has one or more antennas 12 receiving CDMA reverse 
link remote unit signals 14. Typically, an urban base station's coverage area is 
split into three sub-regions called sectors. With two antennas per sector, a 

1 5 typical base station has a total of six receive antennas. The received signals are 

down-converted to baseband by analog receiver 16 that quantizes the received 
signal I and Q channels and sends these digital values over signal lines 18 to 
channel element modem 20. A typical base station comprises multiple 
channel element modems like channel element modem 20 (not shown in 

2 0 FIG. 2). Each channel element modem 20 supports a single user. In the 

preferred embodiment, channel element modem 20 comprises four 
demodulation elements 22 and eight searchers 26. Microprocessor 34 controls 
the operation of demodulation elements 22 and searchers 26. The user PN 
code in each demodulation element 22 and searcher 26 is set to that of the 

2 5 remote unit assigned to that channel element modem 20. Microprocessor 34 

steps searchers 26 through a set of offsets, called a search window, that is likely 
to contain multipath signal peaks suitable for assignment of demodulation 
elements 22. For each offset, searcher 26 reports the energy it finds at that 
offset to microprocessor 34. Demodulation elements 22 are then assigned by 

3 0 microprocessor 34 to the paths identified by searchers 26. Once one of 

demodulation elements 22 has locked onto the signal at its assigned offset, it 
then tracks that path on its own without supervision from microprocessor 34, 
until the path fades away or until it is assigned to a new path by 
microprocessor 34. 

3 5 For the system of FIG. 2, each demodulation element 22 and searcher 26 

contains one FHT processor 52 capable of performing one FHT transform 
during a time period equal to the period of a Walsh symbol. The FHT 
processor is slaved to "real time" in the sense that every Walsh symbol 
interval one value is input and one symbol value is output from the FHT. 
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Therefore, to provide a rapid searching process, more than one searcher 26 
must be used. Each of searchers 26 supplies back to microprocessor 34 the 
results of the search it performs. Microprocessor 34 tabulates these results for 
use in the assignment of demodulation elements 22 to the incoming signals. 
5 In FIG. 2, the internal structure of only one demodulation element 22 is 

shown, but should be understood to apply to searchers 26 as well. Each 
demodulation element 22 or searcher 26 of the channel element modem has a 
corresponding I PN and Q PN sequence generator 36, 38 and the user-specific 
PN sequence generator 40 that is used to select a particular remote unit. User- 

1 0 specific PN sequence output 40 is XOR'd by XOR gates 42 and 44 with the 

output of I PN and Q PN sequence generators 36 and 38 to produce PN-F and 
PN-Q' sequences that are provided to despreader 46. The timing reference of 
PN generators 36, 38, 40 is adjusted to the offset of the assigned signal, so that 
despreader 46 correlates the received I and Q channel antenna samples with 
15 the PN-F and PN-Q' sequence consistent with the assigned signal offset. Four 
of the despreader outputs, corresponding to the four PN chips per Walsh chip, 
are summed to form a single Walsh chip by accumulators 48 and 50. The 
accumulated Walsh chip is then input into Fast Hadamard Transform (FHT) 
processor 52. When 64 chips corresponding to one Walsh symbol have been 

2 0 received, FHT processor 52 correlates the set of sixty-four Walsh chips with 

each of the sixty-four possible transmitted Walsh symbols and outputs a sixty- 
four entry matrix of soft decision data. The output of FHT processor 52 is then 
combined with those of other assigned demodulation elements by combiner 
28. The output of combiner 28 is a "soft decision" demodulated symbol, 

2 5 weighted by the confidence that it correctly identifies the originally 

transmitted Walsh symbol. The soft decision data is then passed to forward 
error correction decoder 29 for further processing to recover the original call 
signal. This call signal is then sent through digital link 30, such as a Tl or El 
link, that routes the call to public switched telephone network (PSTN) 32. 

3 0 Like each demodulation element 22, each searcher 26 contains a 

demodulation data path with an FHT processor capable of performing one 
FHT transform during a time period equal to the period of a Walsh symbol. 
Searcher 26 only differs from demodulation element 22 in how its output is 
used and in that it does not provide time tracking. For each offset processed, 
3 5 each searcher 26 finds the correlation energy at that offset by despreading the 
antenna samples, accumulating them into Walsh chips that are input to the 
FHT transform, performing the FHT transform and summing the maximum 
FHT output energy for each of the Walsh symbols for which the searcher 
dwells at an offset. The final sum is reported back to microprocessor 34. 
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Generally each searcher 26 is stepped through the search window with the 
others as a group by microprocessor 34, each separated from its neighbor by 
half of a PN chip. In this way enough correlation energy exists at each 
maximum possible offset error of a quarter chip to ensure that a path is not 
5 missed because the searcher did not correlate with the exact offset of the path. 
After sequencing searchers 26 through the search window, microprocessor 34 
evaluates the results reported back, looking for strong paths for demodulation 
elements assignment as described in above mentioned co-pending U.S. Patent 
Application Serial No. 08/144,902. 
1 0 The multipath environment is constantly changing as the remote unit 

and other reflective objects move about in the base station coverage area. The 
number of searches that must be performed is set by the need to find 
multipath quickly enough so that valid paths may be put to good use by the 
demodulation elements. On the other hand, the number of demodulation 

1 5 elements required is a function of the number of paths generally found to be 

usable at any point in time. To meet these needs, the system of FIG. 2 has two 
searchers 26 and one demodulation element 22 for each of four demodulator 
integrated circuits (ICs) used, for a total of four demodulation elements and 
eight searchers per channel element modem. Each of these twelve processing 

2 0 elements contains a complete demodulation data path, including the FHT 

processor which takes a relatively large, costly amount of area to implement 
on an integrated circuit. In addition to the four demodulator ICs the channel 
element modem also has a modulator IC and a forward error correction 
decoder IC for a total of 6 IC chips. A powerful and expensive microprocessor 

2 5 is needed to manage and coordinate the demodulation elements and the 

searchers. As implemented in FIG. 2, these circuits are completely 
independent and require the close guidance of microprocessor 34 to sequence 
through the correct offsets, and handle the FHT outputs. Every Walsh symbol 
microprocessor 34 receives an interrupt to process the FHT outputs. This 

3 0 interrupt rate alone necessitates use of a high powered microprocessor. 

It would be advantageous if the six ICs required for a modem could be 
reduced to a single IC needing less microprocessor support, thereby reducing 
the direct IC cost and board-level production cost of the modem, and allowing 
migration to a lower cost microprocessor (or alternately a single high powered 
3 5 microprocessor supporting several channel element modems at once.) Just 
relying on shrinking feature sizes of the IC fabrication process and placing the 
six chips together on a single die is not enough. The fundamental 
architecture of the searcher needs to be redesigned for a truly cost effective 
single chip modem. From the discussion above, it should be apparent that 
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there is a need for a signal receiving and processing apparatus that can 
demodulate a spread spectrum call signal at a lower cost and in a more 
architecturally efficient manner. 

The present invention can use a set of real time searchers as described 
above or a single, integrated search processor that can quickly evaluate large 
numbers of offsets that potentially contain multipath of a received call signal 

The present invention is a method of searching for a multipath signal 
which is transmitted at an unknown variable rate and is subjected to power 
control. 

SUMMARY OF THE INVENTION 



The present invention is a method of searching for a multipath signal 
which is transmitted at an unknown variable rate and is subjected to power 

1 5 control. The searching method is linear in that no attempt is made to 

synchronize the searching process to time known to contain data. The 
searching process is aligned to power control group boundaries so that 
accurate power estimates can be made. 

2 0 BRIEF DESCRIPTION OF THE DRAWINGS 

The features, objects, and advantages of the present invention will 
become more apparent from the detailed description set forth below when 
taken in conjunction with the drawings in which like reference characters 

2 5 identify correspondingly throughout and wherein: 

FIG. 1 represents an exemplary severe multipath signal condition; 
FIG. 2 is a block diagram of a prior art communications network 
demodulation system; 

FIG. 3 represents an exemplary CDMA telecommunications system 

3 0 constructed in accordance with the present invention; 

FIG. 4 is a block diagram of a channel element modem constructed in 
accordance with the present invention; 

FIG. 5 is a block diagram of the search processor; 

FIG. 6 illustrates the circular nature of the antenna sample buffer using 

3 5 a first offset; 

FIG. 7 illustrates the circular nature of the antenna sample buffer for a 
second accumulation at the first offset of FIG. 6; 

FIG. 8 illustrates the circular nature of the antenna sample buffer for a 
second offset; 

4 0 FIG. 9 is a graph showing how the searcher processes the receiver input 

as a function of time; . 
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FIG. 10 is a block diagram of the searcher front end; 

FIG. 11 is a block diagram of the searcher despreader; 

FIG. 12 is a block diagram of the searcher result processor; 

FIG. 13 is a block diagram of the searcher sequencing control logic; 
5 FIG. 14 is a timing diagram showing the processing sequence depicted 

in FIG. 5, showing the corresponding states of certain control logic elements 
presented in FIG. 13; and 

FIG. 15 is an alternative block diagram of the search processor. 

1 0 DESCRIPTION OF THE PREFERRED EMBODIMENT 

In the following description of a method and system for processing 
telephone calls within a digital wireless telephone system, various references 
are made to processes and steps that are performed in order to achieve a 

1 5 desired result. It should be understood that such references do not describe 

human actions or thought, but are directed towards the operation, 
modification and transformation of various systems including and especially 
those systems which process electrical and electromagnetic signals and 
charges, optical signals, or a combination thereof. Fundamental to such 

2 0 systems is the use of various information storage devices, often referred to as 

"memory", which store information via the placement and organization of 
atomic or super-atomic charged particles on hard disk media or within 
silicon, gallium arsenic, or other semiconductor based integrated circuit 
media, and the use of various information processing devices, often referred 

2 5 to as "microprocessors," which alter their condition and state in response to 

such electrical and electromagnetic signals and charges. Memory and 
microprocessors that store and process light energy or particles having special 
optical characteristic, or a combination thereof, are also contemplated and use 
thereof is consistent with the operation of the described invention. 

3 0 The present invention can be implemented in a wide variety of data 

transmission applications and in the preferred embodiment illustrated in 
FIG. 3 is implemented within system 100 for voice and data transmission in 
which system controller and switch (BSC&S) 102 performs interface and 
control functions to permit call communications with remote units 104 

3 5 through base stations 106. BSC&S 102 controls the routing of calls between 

public switched telephone network (PSTN) 108 and base stations 106 for 
transmission to and from remote units 104. 

FIG. 4 illustrates channel element modems 110A - HON and other 
elements of the base station infrastructure operating in accordance with the 

4 0 CDMA methods and data formats described in the above-referenced patents. 
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A plurality of antennas 112 provides received reverse link signal 114 to analog 
transmitter receiver (transceiver) 116. Analog transceiver 116 down-converts 
reverse link signal 114 to baseband and samples the baseband waveform at 
eight times the PN chip rate of the CDMA received signal as defined above. 
5 Analog transceiver 116 provides the digital antenna samples to channel 
element modems 110A - HON through base station RX backplane signal 118. 
Each channel element modem 110A - HON may be assigned to one remote 
unit having an active communication established with the base station. Each 
channel element modem 110A - HON is nearly identical in structure. 
1 0 When channel element modem 110A is assigned to an active call, 

demodulator front end 122 and integrated search processor 128 isolate a signal 
from the corresponding remote unit from the plurality of call signals 
contained in reverse link signal 114 by use of the PN sequences as described in 
the above referenced patents and patent applications. Channel element 

1 5 modem 110A includes single integrated search processor 128 to identify 

multipath signals that can be used by demodulator front end 122. In the 
preferred embodiment, time sliced FHT processor engine 120 services both 
integrated search processor 128 and demodulator front end 122. Other than 
sharing FHT processor engine 120 and related max detect block 160, integrated 

2 0 search processor 128, is stand-alone, self-controlled, and self-contained. A 

searching architecture is detailed in a co-pending U.S. Patent Application 
Serial No. 08/316,177 entitled "MULTIPATH SEARCH PROCESSOR FOR A 
SPREAD SPECTRUM MULTIPLE ACCESS COMMUNICATION SYSTEM" 
filed September 30, 1994, and assigned to the assignee of the present 

2 5 invention. 

FHT processor engine 120 is the core of the demodulation process. In 
the preferred embodiment, FHT processor engine 120 correlates the received 
Walsh symbol values with each of the possible Walsh symbols that may have 
been transmitted by the remote unit. FHT processor engine 120 outputs a 

3 0 correlation energy corresponding to each possible Walsh symbol where a 

higher correlation energy level corresponds to a higher likelihood that the 
symbol corresponding to that Walsh index was communicated by the remote 
unit. Max detect block 160 then determines the largest of the 64 FHT 
transform energy outputs. The maximum correlation energy and the 
3 5 corresponding Walsh index from max detect block 160 and each of the 64 
correlation energy output from FHT processor engine 120 are passed to 
pipelined demodulator processor 126 for further signal processing. The 
maximum correlation energy and the corresponding Walsh index from max 
detect block 160 are passed back to integrated search processor 128. 
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Pipelined demodulator processor 126 time aligns and combines symbol 
data received at different offsets into a single demodulated "soft decision" 
symbol stream. In addition, pipelined demodulator processor 126 calculates 
the power level of the signal being received. From the received power level a 
5 power control indication is created to command the remote unit to raise or 
lower the remote unit's transmit power. The power control indication is 
passed through modulator 140 which adds the indication to the base station 
transmitted signal for reception by the remote unit. This power control loop 
operates under the method described in U.S. Patent 5,056,109 referenced 
1 0 above. 

The soft decision symbol stream from pipelined demodulator 
processor 126 is output to deinterleaver/forward error correction decoder 130 
where it is deinterleaved and decoded. Channel element microprocessor 136 
supervises the entire demodulation procedure and obtains the recovered data 

1 5 from deinterleaver/ forward error correction decoder 130 via microprocessor 

bus interface 134. The data is then routed through digital backhaul link 121 to 
BSC&S 102 which connects the call through PSTN 108. 

The forward link data path proceeds much as the inverse of the 
functions just presented for the reverse link. The signal is provided from 

2 0 PSTN 108 through BSC&S 102 and to digital backhaul 121. Digital 

backhaul 121 provides input to encoder/interleaver 138 through channel 
element microprocessor 136. After encoding and interleaving the data, 
encoder/interleaver 138 passes the data to modulator 140 where it is 
modulated as disclosed in the above referenced patents. Output 146 of 

2 5 modulator 140 is passed to transmit summer 142 where it is added to the 

outputs of other channel element modems HOB - HON prior to being 
up converted from baseband and amplified in analog transmitter receiver 116. 
A summing method is disclosed in a co-pending U.S. Patent Application 
Serial No. 08/316,156 entitled "SERIAL LINKED INTERCONNECT FOR THE 

3 0 SUMMATION OF MULTIPLE DIGITAL WAVEFORMS," filed 

September 30, 1994, and assigned to the assignee of the present invention. As 
presented in the above referenced patent application, the transmit summer 
corresponding to each of channel element modems 110A - HON can be 
cascaded in a daisy-chain fashion eventually resulting in a final sum that is 
3 5 provided to analog transceiver 116 for broadcasting. 

FIG. 5 shows the elements comprising integrated search processor 128. 
The heart of the searching process is time sliced FHT processor engine 120, 
which, as mentioned above, is shared between integrated search processor 128 
and demod front end 122 (not shown in FIG. 5). FHT processor engine 120 can 
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perform Walsh symbol transforms at a rate 32 times faster than FHT processor 
52 of FIG. 2. This rapid transform capability empowers the time sliced 
operation of channel element modem 110. 

In the preferred embodiment FHT processor engine 120 is constructed 
using a six stage butterfly network. As explained in detail above, a Walsh 
function of order n can be defined recursively as follows: 



W(n) = 



W(n/2) , W(n/2) 
W(n/2) , W'(n/2) 



where W' denotes the logical complement of W, and W(l) = 0. 



In the preferred embodiment a Walsh sequence is generated where n = 6, 
therefore a 6-stage butterfly trellis is used to correlate the 64 Walsh chips of 

1 5 one transmitted Walsh symbol with each of the 64 possible Walsh sequences. 

A structure and method of operation for FHT processor engine 120 is detailed 
in a co-pending U.S. Patent Application Serial No. 08/173,460 entitled 
"METHOD AND APPARATUS FOR PERFORMING A FAST HADAMARD 
TRANSFORM," filed December 22, 1993, assigned to the assignee of the 

2 0 present invention. 

To reap the benefits of FHT processor engine 120 with thirty-two times 
the throughput of its real-time-slaved counterpart, FHT processor engine 120 
must be provided with high rate input data to process. Antenna sample 
buffer 172 has been specifically tailored to meet this need. Antenna sample 

2 5 buffer 172 is written to and read from in a circular manner 

The searching process is grouped in sets of single offset searches. The 
highest level of grouping is the antenna search set. Each antenna search set is 
made up of a plurality of search windows. Typically each search window in 
the antenna search set is an identically performed search group where each 

3 0 search window in the antenna search receives data from a different antenna. 

Each search window is made up of a series of search rakes. A search rake is a 
set of sequential search offsets that is performed in a time equivalent to the 
duration of a Walsh symbol. Each search rake is comprised of a set of rake 
elements. Each rake element represents a single search at a given offset. 
3 5 At the beginning of the searching process, channel element 

microprocessor 136 sends parameters specifying a search window which may 
be part of an antenna search set. The width of the search window may be 
designated in PN chips. The number of search rakes needed to complete the 
search window varies depending on the number of PN chips specified in the 
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search window. The number of rake elements per search rake can be specified 
by channel element microprocessor 136 or could be fixed to some constant. 

Referring again to FIG. 1 showing an exemplary set of signals arriving 
at the base station from a single remote unit, the relationship of the search 
5 window, search rake, and rake element becomes more clear. The vertical axis 
in FIG. 1 represents the power received in decibels (dB). The horizontal axis 
represents the delay in the arrival time of a signal due to multipath delays. 
The axis (not shown) going into the page represents a segment of time. Each 
signal spike in the common plane of the page has arrived at the same time 
1 0 but has been transmitted by the remote unit at a different time. 

The horizontal axis can be thought of as having units of PN chip offset. 
At any given time, the base station perceives a variety of signals from a single 
remote unit, each of which has traveled a different path and may have a 
different delay than the others. The remote unit's signal is modulated by a 

1 5 PN sequence. A copy of the PN sequence is also generated at the base station. 

At the base station, if each multipath signal were individually demodulated, a 
PN sequence code aligned to each signal's timing would be needed. Each of 
these aligned PN sequences would be delayed from the zero offset reference at 
the base station due to the delay. The number of PN chips that the aligned PN 

2 0 sequence is delayed from the zero offset base station reference could be 

mapped to the horizontal axis. 

In FIG. 1, time segment 10 represents a search window set of PN chip 
offsets to be processed. Time segment 10 is divided into five different search 
rakes such as search rake time segment 9. Each search rake is in turn made up 

2 5 of a number of rake elements which represent the actual offsets to be 

searched. For example, in FIG. 1, each search rake is made up of 8 different 
rake elements such as the rake element indicated by arrow 8. 

To process a single rake element as indicated by arrow 8, a set of 
samples over time at that offset are needed. For example, to process the rake 

3 0 element indicated by arrow 8, the despreading process needs the set of sample 

at the offset indicated by arrow 8 going back into the page over time. The 
despreading process also needs a corresponding PN sequence. The PN 
sequence can be determined by noting the time the samples arrived and the 
offset desired to be processed. The desired offset can be combined with the 
3 5 arrival time to determine the corresponding PN sequence to be correlated 
with the received samples. 

As the rake element is despread the receive antenna samples and the 
PN sequence are run through a series of values over time. Note that the 
received antenna samples are the same for all offsets shown in FIG. 1 and 
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spikes 2-7 are showing exemplary multipath peaks which arrive 
simultaneously and are only discriminated by the despreading process. 

In the preferred embodiment described below, each rake element is 
offset in time from the preceding rake element by one half PN chip in time. 
5 This means that if the rake element corresponding to arrow 8 was correlated 
beginning from the sliced plane shown and moving forward in time (into the 
page as shown) then the rake element to the left of the one corresponding to 
arrow 8 would use samples starting one half chip in time back from the sliced 
plane shown. This progression in time allows each rake element in a 
1 0 common search rake to be correlated to the same PN sequence. 

Each remote unit receives the base station's transmitted signal delayed 
by some amount due to the path delay through the terrestrial environment. 
The same I and Q PN short code and the user PN long code generation is also 
being performed in the remote unit. The remote unit generates a time 

1 5 reference based on the time reference it perceives from the base station. The 

remote unit uses the time reference signal as an input to its I and Q PN short 
code and the user PN long code generators. The information signal received 
at the base station from the remote unit is therefore delayed by the round trip 
delay of the signal path between the base station and the remote unit. 

2 0 Therefore if the timing of the PN generator used in the searching process is 

slaved to the zero offset timing reference at the base station, the output of the 
generators is always available before the corresponding signal is received from 
the remote unit. 

In an OQPSK signal, the I channel data and the Q channel data are 

2 5 offset from each other by one half chip in time. Therefore OQPSK 

despreading used in the preferred embodiment requires data sampled at twice 
the chip rate. The searching process also operates optimally with data 
sampled at half the chip rate. Each rake element within a search rake is offset 
by one half chip from the previous rake element. The one half chip rake 

3 0 element resolution ensures that multipath peak signals are not skipped over 

without detection. For these reasons antenna sample buffer 172 of FIG. 5 
stores data sampled at twice the PN chip rate. 

One Walsh symbol worth of data is read from antenna sample 
buffer 172 to process a single rake element. For each successive rake element, 
3 5 one Walsh symbol worth of data is read out of antenna sample buffer 172 one 
half of a PN chip offset from the previous rake element. Each rake element is 
despread with the same PN sequence read from PN sequence buffer 176 by 
despreader 178 for each rake element in the search rake. 
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Antenna sample buffer 172 is two Walsh symbols deep and is 
continually and repeatedly read from and written to throughout the searching 
process. Within each search rake, the rake element having the latest offset in 
time is processed first. The latest offset corresponds to the signal which has 
5 traveled the longest signal path from the remote unit to the base station. The 
time at which the searcher starts to process a search rake is keyed to the Walsh 
symbol boundaries associated with the rake element having the latest offset in 
the search rake. A time strobe, referred to as the offset Walsh symbol 
boundary, indicates the earliest time that all of the samples needed are 
1 0 available in antenna sample buffer 172 and the searching process can begin 
the first rake element in the search rake. 

The operation of antenna sample buffer 172 is most easily illustrated by 
noting its circular nature. FIG. 6 shows an illustrative diagram of the 
operation of antenna sample buffer 172. In FIG. 6 thick circle 400 can be 

1 5 thought of as antenna sample buffer 172 itself. Antenna sample buffer 172 

contains memory locations for two Walsh symbols worth of data. Write 
pointer 406 circulates around antenna sample buffer 172 in the direction 
indicated in real time, meaning that write pointer 406 rotates around the two 
Walsh symbol deep antenna sample buffer 172 in the time that two Walsh 

2 0 symbols worth of samples are passed to searcher front end 174. As the 

samples are written into antenna sample buffer 172 according to the memory 
location indicated by write pointer 406, the previously stored values are 
overwritten. In the preferred embodiment, antenna sample buffer 172 
contains 1024 antenna samples because each of the two Walsh symbols 

2 5 contains 64 Walsh chips, each Walsh chip contains 4 PN chips, and each PN 

chip is sampled twice. 

The operation of the searching process is divided into discrete 'time 
slices/ In the preferred embodiment, a time slice is equal to 1/32 of the Walsh 
symbol duration. The choice of 32 time slices per Walsh symbol is derived 

3 0 from the available clocking frequency and number of clock cycles need to 

perform an FHT. 64 clock cycles are required to perform an FHT for one 
Walsh symbol. In the preferred embodiment, a clock running at eight times 
the PN chip frequency is available and provides the necessary performance 
level. Eight times the PN chip rate multiplied by the 64 required clocks is 
3 5 equivalent to the time it takes to receive two Walsh chips worth of data. 
Because there are 64 Walsh chips in each half of the buffer, 32 time slices are 
needed to read in a complete Walsh symbol. 

In FIG. 6, a set of concentric arcs outside of thick circle 400 represents 
read and write operation with antenna sample buffer 172. (The arcs within 
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thick circle 400 are used to aid explanation and do not correspond to read or 
write operations.) Each arc represents a read or write operation during one 
time slice. The arc closest to the center of the circle occurs first in time and 
each successive arc represents an operation occurring in successively later 
5 time slices as indicated by time arrow 414. Each of the concentric arcs 
corresponds to a section of antenna sample buffer 172 as represented by thick 
circle 400. If one were to imagine radii drawn from the center of thick 
circle 400 to the end points of each of the concentric arcs, the portion of thick 
circle 400 between the intersection of the radii and thick circle 400 would be 
1 0 representative of the memory locations accessed. For example, during the 
first time slice operation shown, 16 antenna samples are written to antenna 
sample buffer 172 represented by arc 402A. 

In FIGS 6, 7, and 8 the following search parameters for the illustrative 
search window are assumed: 

1 5 Search window width = 24 PN chips 

Search offset = 24 PN chips 
Number of symbols to accumulate = 2 
Number of rake elements per search rake =24. 
FIG. 6 also assumes that antenna sample buffer 172 contains nearly a full 

2 0 Walsh symbol worth of valid data before the write indicated by arc 402A. 

During subsequent time slices, a write corresponding to arc 402B and to 
arc 402C occurs. During the 32 time slices available during one Walsh symbol 
worth of time, the write operations continue from arc 402A to arc 402FF most 
of which are not shown. 

2 5 The 32 time slices represented by arcs 402A to 402FF correspond to the 

time used to complete one search rake. Using the parameters given above, 
the search rake begins 24 PN chips offset from zero offset reference or real 
time' and contains 24 rake elements. The 24 PN chip offset corresponds to a 
rotation 16.875 degrees around thick circle 400 from the beginning of the first 

3 0 write indicated by arc 402A (calculated by dividing the 24 PN chip offset by 

the 256 total number of chips in half antenna sample buffer 172 and 
multiplying by 180 degrees.) The 16.875 degree arc is illustrated by arc 412. 
The 24 rake elements correspond to reads indicated by arcs 404A - 404X most 
of which are not shown. The first read corresponding to arc 404A begins at 
3 5 the search offset some time after the write corresponding to 402C so that a 
contiguous set of data is available. Each successive read such as 404B is offset 
from the previous by a single memory location, corresponding to a 1/2 PN 
chip of time. During the search rake shown, the reads move toward earlier 
time offsets as shown by arcs 404A - 404X slanting counter clockwise with 
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progressing time in the opposite rotation direction as write pointer 
indication 406. The 24 read represented by arcs 404A to 404X traverse the arc 
indicated by arc 418. The progression of the reads toward earlier samples has 
the advantage of providing seamless searching within a search window as 
5 each search rake is executed. This advantage is explained in detail 
subsequently herein. 

Each of the reads corresponding to arcs 404A to 404X passes one Walsh 
symbol worth of data to despreader 178. The read therefore corresponds to 
traversing thick circle 400 by 180 degrees. Note that in the search rake shown 
10 in FIG. 6, the last write corresponding to arc 402FF, and last read 
corresponding to arc 404X do not include any common memory locations to 
ensure contiguous valid data. However, hypothetically, if the pattern of read 
and writes were to continue they would in fact intersect and valid data would 
not be provided under this condition. 

1 5 In most signaling conditions, the result of a rake element worth of data 

collected during one Walsh symbol worth of time is not sufficient to provide 
accurate information about the location of diverse signals. In these cases, a 
search rake may be repeated multiple times. The results of rake elements in 
successive search rakes at a common offset are accumulated by search result 

2 0 processor 162 as explained in detail subsequently herein. In this case the 

search parameters given above indicate that the number of symbols to 
accumulate at each offset is two. FIG. 7 shows the search rake of FIG. 6 
repeated at the same offset for the next successive Walsh symbol worth of 
data. Note that antenna sample buffer 172 contains two Walsh symbols worth 

2 5 of data so that the data that is needed for processing during the search rake 

indicated on FIG. 7 was written during the search rake shown on FIG. 6. In 
this configuration, memory locations 180 degrees away from each other 
represent the same PN offset. 

After completing the two accumulated search rakes in FIGS 6 and 7, the 

3 0 searching process advances to the next offset in the search window. The 

amount of the advance is equal to the width of the search rake processed, in 
this case 12 PN chips. As specified in the search parameters, the search 
window width is 24 PN chips. The width of the window will determine how 
many search rake offsets are needed to complete the search window. In this 
3 5 case two different offsets are needed to cover the 24 PN chip window width. 
The window width is indicated on FIG. 8 by arc 412. The second offset for this 
search window begins at the offset following the last offset of the previous 
search rake and continues around to the nominal zero offset point as set by 
the location of the beginning of the first write as indicated by arc 430A. Again 
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there are 24 rake elements within the search rake as indicated by 
arcs 432A - 432X most of which are not shown. Again the 32 writes are 
indicated by the arcs430A - 430FF. Thus the last write, as indicated by 
arc 430FF, and the last read, as indicated by arc 432X, abut one another in 
5 antenna sample buffer 172. 

The search rake shown in FIG. 8 is repeated on the opposite side of 
antenna sample buffer 172 much as the search rake in FIG. 6 is repeated in 
FIG. 7 because the search parameters designate that each symbol is 
accumulated twice. At the completion of the second accumulation of the 

1 0 second search rake, integrated search processor 128 is available to begin 

another search window. The subsequent search window could have a new 
offset or it could specify a new antenna or both. 

In FIG. 8, the location of the boundary between the read half and the 
write half of the buffer is marked with label 436. In FIG. 6, the boundary is 
15 marked with label 410. The signal which indicates the point in time 
corresponding to labels 410 and 436 is referred to as the offset Walsh symbol 
strobe and also indicates that a new Walsh symbol worth of samples is 
available. As the search rakes within a window advance to earlier offsets, the 
boundary between the read and write halves of the buffer slews in lock step 

2 0 counterclockwise as shown in FIG. 8. If after the completion of the present 

search window, if a large change in the offset being processed is desired, the 
offset Walsh symbol strobe may be advanced a large portion of the 
circumference of the circle. 

FIG. 9 is a search timeline that provides further graphical illustration of 

2 5 the searcher processing. Time is plotted along the horizontal axis in units of 

Walsh symbols. Antenna sample buffer 172 addresses and PN sequence 
buffer 176 addresses are shown along the vertical axis, also in units of Walsh 
symbols. Because antenna sample buffer 172 is two Walsh symbols deep, 
antenna sample buffer 172 addressing wraps on even Walsh symbol 

3 0 boundaries, but for illustrative purposes, FIG. 9 shows the addresses before 

being folded on top of one another. Samples are written into antenna sample 
buffer 172 at an address taken directly from the time they were obtained, so 
write pointer 181 into antenna sample buffer 172 is a straight forty-five degree 
inclined line. The offset being processed maps into a base address in antenna 
3 5 sample buffer 174 to start a read of a Walsh symbol of samples for a single rake 
element. The rake elements are illustrated in FIG. 9 as nearly vertical read 
pointer line segments 192. Each rake element maps to a Walsh symbol in 
height as referred to the vertical axis and 1/32 of a Walsh symbol as referred to 
the horizontal axis. 
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The vertical gaps between the rake elements within a search rake are 
caused by demod front end 122 interrupting the search process to use FHT 
processor engine 120. Demod front end 122 operates in real time and has first 
priority use of FHT processor engine 120 whenever it has a current or queued 
5 set of data for processing. Therefore typically use of FHT processor engine 120 
is given to demod front end 120 on each Walsh symbol boundary 
corresponding to a PN offset that is being demodulated by demod front 
end 122. 

FIG. 9 shows the same search rakes shown in FIGS. 6, 7, and 8. For 
1 0 example, search rake 194 has 24 rake elements each of which corresponds to 
one to the read arcs 404A - 404X on FIG. 6. On FIG. 9 for search rake 194, 
pointer 410 indicates the offset Walsh symbol strobe corresponds to the like 
pointer on FIG. 6. To read the current samples, each rake element must be 
beneath write pointer 181. The downward slope of the rake elements with a 

1 5 search rake indicates the steps towards earlier samples. Search rake 195 

corresponds to the search rake shown in FIG. 7 and search rake 196 
corresponds to the search rake shown in FIG. 8. 

In the search window defined by the parameters above, only 24 rake 
elements per search rake are specified even though the search rake has 32 

2 0 available time slices. Each rake element can be processed in one time slice. 

However, it is not practically possible to increase the number of rake elements 
per search rake to 32 to match the number of time slices available during a 
search rake. Demod front end 122 uses some of the available time slices of the 
FHT processor. There is also a time delay associated with a rake advance as 

2 5 the read process must wait for the write process to fill the buffer with valid 

data at the advanced offset. Also some margin is needed to synchronize to a 
time slice processing boundary after observing the offset Walsh symbol strobe. 
All these factors practically limit the number of rake elements which can be 
processed in a single search rake. In some cases the number of rake elements 

3 0 per search rake could be increased such as if demod front end 122 has only one 

demodulation element assigned and hence only interrupts FHT processor 
engine 120 once per search rake. Therefore in the preferred embodiment, the 
number of rake elements per search rake is controllable by channel element 
microprocessor 136. In alternative embodiments, the number of rake 
3 5 elements per search rake could be a fixed constant. 

There also can be significant overhead delay when switching between 
source antennas at the input to the sample buffer or changing the search 
window starting point or width between searches. If one rake needs a 
particular set of samples and the next rake for a different antenna needs to use 
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an overlapping part of the buffer, the next rake must postpone processing 
until the next offset Walsh symbol boundary occurs, at which point a 
complete Walsh symbol of samples for the new antenna source is available. 
In FIG. 9, search rake 198 is processing data from a different antenna than 
5 search rake 197. Horizontal line 188 indicates the memory location 
corresponding to the new antenna input samples. Note that search rake 197 
and 198 do not use any common memory locations. 

For every time slice, two Walsh chips of samples must be written to the 
sample buffer and one full Walsh symbol of samples may be read from the 

1 0 sample buffer. In the preferred embodiment, there are 64 clock cycles during 

each time slice. A full Walsh chip of samples is comprised of four sets of 
samples: ontime I channel samples, late I channel samples, ontime Q channel 
samples and late Q channel samples. In the preferred embodiment, each 
sample is four bits. Therefore sixty four bits per clock are needed from 
15 antenna sample buffer 172. Using a single port RAM, the most 
straightforward buffer design doubles the word width to 128 bits, and splits the 
buffer into two 64 bit wide, 64 word, independently read/writeable even and 
odd Walsh chip buffers 168, 170. The much less frequent writes to the buffer 
are then multiplexed in between reads, which toggle between the two banks 

2 0 on successive clock cycles. 

The Walsh chip samples read from the even and odd Walsh chip 
buffers 168,170 has an arbitrary alignment to the physical RAM word 
alignment. Therefore on the first read of a time slice, both halves are read 
into despreader 178 to form a two Walsh chip wide window from which the 

2 5 single Walsh chip with the current offset alignment is obtained. For even 

Walsh chip search offsets, the even and odd Walsh chip buffer address for the 
first read are the same. For odd Walsh chip offsets, the even address for the 
first read is advanced by one from the odd address to provide a consecutive 
Walsh chip starting from the odd half of the sample buffer. The additional 

3 0 Walsh chips needed by despreader 178 can be passed thereto by a read from a 

single Walsh chip buffer. Successive reads then ensure that there is always a 
refreshed two Walsh chip wide window from which to draw a Walsh chip of 
data aligned to the current offset being processed. 

Referring again to FIG. 5, for each rake element in a search rake, the 
3 5 same Walsh symbol of PN sequence data from PN sequence buffer 176 is used 
in the despreading process. For every clock cycle of a time slice, four pairs of 
PN-F and PN-Q' are needed. Using a single port RAM, the word width is 
doubled and read from half as often. The single write to PN sequence 



SUBSTITUTE SHEET (RULE 26) 



WO 96/35268 



PCT/US96/07567 



27 

buffer 176 needed per time slice is then performed on a cycle not used for 
reading. 

Because the searching process can specify searching PN offsets of up to 
two Walsh symbols delayed from the current time, four Walsh symbols 
5 worth of PN sequence data must be stored. In the preferred embodiment PN 
sequence buffer 176 is a one hundred and twenty eight word by sixteen bit 
RAM. Four Walsh symbols are required because the starting offset can vary 
by 2 Walsh symbols and once the starting offset is chosen, one Walsh symbol 
worth of PN sequence is need for correlation meaning three Walsh symbols 
1 0 worth of data is need for the despreading process. Because the same PN 
sequence is repeatedly used, the data in PN sequence buffer 176 cannot be 
overwritten during the despreading process corresponding to a single search 
rake. Therefore an additional Walsh symbol worth of memory is needed to 
store the PN sequence data as it is generated. 

1 5 The data that is written into both PN sequence buffer 176 and antenna 

sample buffer 172 is provided by searcher front end 174. A block diagram of 
searcher front end 174 is shown in FIG. 10. Searcher front end 174 includes 
short code I and Q PN generators 202, 206 and the long code User PN 
generator 204. The values output by short code I and Q PN generators 202, 206 

2 0 and the long code User PN generator 204 are determined in part by the time of 

day. Each base station has a universal timing standard such as GPS timing to 
create a timing signal. Each base station also transmits its timing signal over 
the air to the remote units. At the base station, the timing reference is said to 
have zero offset because it is aligned to the universal reference. 

2 5 The output of long code User PN generator 204 is logically XOR'd with 

the output of short code I and Q PN generators 202, 206 by XOR gates 208 
and 210 respectively. (This same process is also performed in the remote unit 
and the output is used to modulate the remote unit's transmitted signal.) 
The output of XOR gates 208 and 210 is stored in serial to parallel shift 

3 0 register 212. Serial to parallel shift register 212 buffers the sequences up to the 

width of PN sequence buffer 176. The output of serial to parallel shift register 
212 is then written into PN sequence buffer 176 at an address taken from the 
zero offset reference time. In this way, searcher front end 174 provides the PN 
sequence data to PN sequence buffer 176. 
3 5 Searcher front end 174 also provides antenna samples to antenna 

sample buffer 172. Receive samples 118 are selected from one of a plurality of 
antennas via a MUX 216. The selected receive samples from MUX 216 are 
passed to latch 218 where they are decimated, meaning one quarter of the 
samples are selected for use in the searching process. Receive samples 118 



SUBSTITUTE SHEET (RULE 26) 



WO 96/35268 PCT/US96/07567 

28 

have been sampled at eight times the PN chip rate by analog transmitter 
receiver 116 (of FIG. 4). Processing within the searching algorithm is designed 
for samples taken at one half the chip rate. Therefore only one quarter of the 
received samples need be passed to antenna sample buffer 172. 
5 The output of the latch 218 is fed to serial to parallel shift register 214, 

which buffers the samples up to the width of antenna sample buffer 172. The 
samples are then written into even and odd Walsh chip buffers 168, 170 at 
addresses also taken from the zero offset reference time. In this way, 
despreader 178 can align the antenna sample data with a known offset with 
1 0 respect to the PN sequence. 

Referring again to FIG. 5, for each clock cycle in a time slice, 
despreader 178 takes a Walsh chip of antenna samples from antenna sample 
buffer 172 and a corresponding set of PN sequence values from PN sequence 
buffer 176 and outputs an I and Q channel Walsh chip to FHT processor 

1 5 engine 120 through MUX 124. 

FIG. 11 shows a detailed block diagram of despreader 178. Even Walsh 
chip latch 220 and odd Walsh chip latch 222 latch the data from even Walsh 
chip buffer 168 and odd Walsh chip buffer 170 respectively. MUX bank 224 
extracts the Walsh chip of samples to be used from the two Walsh chips 

2 0 worth of samples presented by even and odd Walsh chip latches 220 and 222. 

MUX select logic 226 defines the boundary of the selected Walsh chip based on 
the offset of the rake element being processed. A Walsh chip is output to 
OQPSK despreader XOR bank 228. 

The PN sequence values from PN sequence buffer 176 are latched by PN 

2 5 sequence latch 234. Barrel shifter 232 rotates the output of PN sequence 

latch 234 based on the offset of the rake element being processed and passes 
the PN sequence to OQPSK despreader XOR bank 228 which conditionally 
inverts the antenna samples based on the PN sequence. The XOR'd values 
are then summed through adder tree 230 which performs the sum operation 

3 0 in the OQPSK despread, and then sums four despread chip outputs together to 

form a Walsh chip for input to FHT processor engine 120. 

Referring again to FIG. 5, FHT processor engine 120 takes sixty-four 
received Walsh chips from despreader 178 through MUX 124, and using 
a 6-stage butterfly trellis, correlates these sixty-four input samples with each of 
3 5 the sixty-four Walsh functions in a sixty-four clock cycle time slice. Max 
detect 160 can be used to find the largest of the correlation energies output 
from FHT processor engine 120. The output of MAX detect 160 is passed on to 
search result processor 162 which is part of integrated search processor 128. 
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Search result processor 162 is detailed in FIG. 12. Search result 
processor 162 also operates in a time sliced manner. The control signals 
provided to it are pipeline delayed to match the two time slice delay from the 
start of inputting Walsh chips to FHT processor engine 120 to obtaining the 
5 maximum energy output. As explained above, a set of search window 
parameters may designate that a number of Walsh symbols worth of data be 
accumulated before the results of the chosen offset are processed. In the 
parameters used with the example of FIGS. 6, 7, 8, and 9, the number of 
symbols to accumulate is 2. Search result processor 162 performs the 
1 0 summing function along with other functions. 

As search result processor 162 performs the sums over consecutive 
Walsh symbols, it must store a cumulative sum for each rake element in the 
search rake. These cumulative sums are stored in Walsh symbol 
accumulation RAM 240. The results of each search rake are input to 

1 5 summer 242 from max detect 160 for each rake element. Summer 242 sums 

the present result with the corresponding intermediate value available from 
Walsh symbol accumulation RAM 240. On the final Walsh symbol 
accumulation for each rake element, the intermediate result is read from 
Walsh symbol accumulation RAM 240 and summed by summer 242 with the 

2 0 final energy from that rake element to produce a final search result for that 

rake element offset. The search results are then compared with the best 
results found in the search up to this point as explained below. 

In the above mentioned co-pending U.S. Patent Application Serial 
No. 08/144,902 entitled "DEMODULATION ELEMENT ASSIGNMENT IN A 

2 5 SYSTEM CAPABLE OF RECEIVING MULTIPLE SIGNALS," the preferred 

embodiment assigns the demodulation elements based on the best results 
from a search. In the present preferred embodiment, the eight best results are 
stored in best result register 250. (A lesser or greater number of results could 
be stored in other embodiments.) Intermediate result register 164 stores the 

3 0 peak values and their corresponding rank order. If the current search result 

energy exceeds at least one of the energy values in intermediate result 
register 164, search result processor control logic 254 discards the eighth best 
result in intermediate result register 164, and inserts the new result, along 
with its appropriate rank, the PN offset, and antenna corresponding to the 
3 5 rake element result. All lesser ranked results are "demoted" one ranking. 
There are a great number of methods well known in the art for providing 
such a sorting function. Any one of them could be used within the scope of 
this invention. 
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Search result processor 162 has a local peak filter basically comprised of 
comparator 244 and previous energy latch 246. The local peak filter, if 
enabled, prevents intermediate result register 164 from being updated even 
though a search result energy would otherwise qualify for inclusion, unless 
5 the search result represents a local multipath peak. In this way, the local peak 
filter prevents strong, broad "smeared" multipath from filling multiple 
entries in intermediate result register 164, leaving no room for weaker but 
distinct multipath that may make better candidates for demodulation. 

The implementation of the local peak filter is straightforward. The 
1 0 energy value of the previous rake element summation is stored in previous 
energy latch 246. The present rake element summation is compared to the 
stored value by comparator 244. The output of comparator 244 indicates 
which of its two inputs is larger and is latched in search result processor 
control logic 254. If the previous sample represented a local maxima, search 

1 5 result processor control logic 254 compares the previous energy result with 

the data stored in intermediate result register 164 as described above. If the 
local peak filter is disabled by channel element microprocessor 136 then the 
comparison with intermediate result register 164 is always enabled. If either 
the leading or the last rake element at the search window boundary has a 

2 0 slope, then the slope latch is set so the boundary edge value can be considered 

as a peak as well. 

The simple implementation of this local peak filter is aided by the 
progression of the reads toward earlier symbols within a search rake. As 
illustrated in FIGS. 6, 7, 8, and 9, within a search rake each rake element 

2 5 progress toward signals arriving earlier in time. This progression means that 

within a search window, the last rake element of a search rake and the first 
rake element of the subsequent search rake are contiguous in offset. 
Therefore, the local peak filter operation does not have to change and the 
output of comparator 244 is valid across search rake boundaries. 

3 0 At the end of processing a search window, the values stored in 

intermediate result register 164 are transferred to best result register 250 
readable by channel element microprocessor 136. Search result processor 162 
has thus taken much of the workload from channel element 
microprocessor 136, which in the system of FIG. 2 needed to handle each rake 
3 5 element result independently. 

The preceding sections have focused on the processing data path of 
integrated search processor 128 and have detailed how raw antenna 
samples 118 are translated into a summary multipath report at the output of 
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best result register 250. The following sections detail how the each of the 
elements in the search processing data path are controlled. 

Search control block 166 of FIG. 5 is detailed in FIG. 13. As mentioned 
previously, channel element microprocessor 136 specifies a search parameter 
5 set including the group of antennas to search over as stored in antenna select 
buffer 348, the starting offset as stored in search offset buffer 308, the number 
of rake elements per search rake as stored in rake width buffer 312, the width 
of the search window as stored in search width buffer 314, the number of 
Walsh symbols to accumulate .as stored in Walsh symbol accumulation 
1 0 buffer 316, and a control word as stored in control word buffer 346. 

The starting offset stored in search offset buffer 308 is specified with 
eighth chip resolution. The starting offset controls which samples are 
removed by decimation by latch 218 of FIG. 10 in searcher front end 174. Due 
to the two Walsh symbol wide antenna sample buffer 172 in this 

1 5 embodiment, the largest value of the starting offset is half of a PN chip less 

than two full Walsh symbols. 

Up until this point, the generic configuration to perform a search has 
been disclosed. In reality there are several classes of predefined searches. 
When a remote unit initially attempts to access the system, it sends a beacon 

2 0 signal called a preamble using the Walsh zero symbol. Walsh zero symbol is 

the Walsh symbol which contains all logical zeros instead of half ones and 
zeroes as described above. When a preamble search is performed, the searcher 
looks for any remote unit sending a Walsh zero symbol beacon signal on an 
access channel. The search result for a preamble search is the energy for the 

2 5 Walsh zero symbol. When an acquisition mode access channel search is 

performed, max detect 160 outputs the energy for Walsh zero symbol 
regardless of the maximum output energy detected. The control word stored 
in control word buffer 346 includes a preamble bit which indicates when a 
preamble search is being performed. 

3 0 As discussed above, the power control mechanism of the preferred 

embodiment measures the signal level received from each remote unit and 
creates a power control indication to command the remote unit to raise or 
lower the remote unit's transmit power. The power control mechanism 
operates over a set of Walsh symbols called a power control group during 
3 5 traffic channel operation. (Traffic channel operation follows access channel 
operation and implies operation during an active call.) All the Walsh 
symbols within a single power control group are transmitted using the same 
power control indication command at the remote unit. 
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Also as described above, in the preferred embodiment of the present 
invention, the signal transmitted by the remote unit is of a variable rate 
during traffic channel operation. The rate used by the remote unit to transmit 
the data is unknown at the base station during the searching process. As the 
5 consecutive symbols are accumulated, it is imperative that the transmitter is 
not gated off during the accumulation. Consecutive Walsh symbols in a 
power control group are gated as a group meaning that the 6 Walsh symbols 
comprising a power control group in the preferred embodiment are all gated 
on or all gated off. 

1 0 Thus when the search parameter specifies that a plurality of Walsh 

symbols be accumulated during traffic channel operation, the searching 
process must align each search rake to begin and end within a single power 
control group. The control word stored in control word buffer 346 includes a 
power control group alignment bit. With the power control group alignment 

1 5 bit set to one indicating a traffic channel search, the searching process 

synchronizes to the next power control group boundary instead of just the 
next offset Walsh symbol boundary. 

The control word stored in control word buffer 346 also includes the 
peak detection filter enable bit as discussed earlier in conjunction with FIG. 8. 
20 The searcher operates either in continuous or single step mode, 

according to the setting of the continuous /single step bit of the control word. 
In single step mode, after a search is performed, integrated search 
processor 128 returns .to an idle state to await further instructions. In 
continuous mode, integrated search processor 128 is always searching, and by 

2 5 the time channel element microprocessor 136 is signaled that the results are 

available, integrated search processor 128 has started the next search. 

Search control block 166 produces the timing signals used to control the 
searching process performed by integrated search processor 128. Search 
control block 166 sends the zero offset timing reference to short code I and Q 

3 0 PN generators 202, 206 and long code User PN generator 204, and the enable 

signal to decimator latch 218 and the select signal to MUX 216 in searcher 
front end 174. It provides the read and write addresses for PN sequence 
buffer 176 and even and odd Walsh chip buffers 168 and 170. It outputs the 
current offset to control the operation of despreader 178. It provides the 
3 5 intra-time slice timing reference for FHT processor engine 120, and 
determines whether the searching process or the demodulation process uses 
FHT processor engine 120 by controlling FHT input MUX 124. It provides 
several pipeline delayed versions of certain internal timing strobes to search 
result processor control logic 254 of FIG. 12 to allow it to sum search results 

Substitute sheet (rule 26) 



WO 96/35268 



PCT7US96/07567 



33 

across a rake of offsets for a number of Walsh symbol accumulations. Search 
control block 166 provides best result register 250 with the pipelined offset and 
antenna information corresponding to accumulated energy values stored. 

In FIG. 13, system time count 342 is slaved to the zero offset time 
5 reference. In the preferred embodiment as previously detailed, the system 
clock rims at eight times the PN chip rate. There are 256 PN chips in a Walsh 
symbol, and 6 Walsh symbols in a power control group for a total 
of 6 x 256 x 8 = 12,288 system clocks per power control group. Therefore in the 
preferred embodiment, system time count 342 is comprised of a fourteen bit 
1 0 counter that counts the 12,288 system clocks. The input reference for short 
code I and Q PN generators 202, 206 and long code User PN generator 204 of 
FIG. 10 in searcher front end 174 is taken from system time count 342. (Long 
code User PN generator 204 output is also based on a longer system wide 
reference which does not repeat for approximately 50 days. The longer system 

1 5 wide reference is not controlled by the searching process and acts as a preset 

value. The continuing operation based on the preset value is controlled by 
system time count 342.) The addresses for PN sequence buffer 176 and even 
and odd Walsh chip buffers 168 and 170 are taken from system time count 342. 
. System time count 342 is latched by latch 328 at the beginning of each time 

2 0 slice. The output of latch 328 is selected via address MUX's 330, 332, and 334 

which provide the write addresses corresponding to the current time slice 
when these buffers are written at some latter time within the time slice. 

Offset accumulator 310 keeps track of the offset of the rake element 
currently being processed. The starting offset as stored in search offset 

2 5 buffer 308 is loaded into offset accumulator 310 at the beginning of each search 

window. Offset accumulator 310 is decremented with each rake element. At 
the end of each search rake that is to be repeated for further accumulations, 
the number of rake elements per search rake as stored in rake width buffer 312 
is added back to the offset accumulator to reference it back to the first offset in 

3 0 the search rake. In this way, the searching process again sweeps across the 

same search rake for another Walsh symbol accumulation. If the searching 
process has swept across the current search rake on its final Walsh symbol 
accumulation then offset accumulator 310 is decremented by one by selection 
of the "-1" input of repeat rake MUX 304 which produces the offset of the first 
3 5 rake element in the next search rake. 

The output of offset accumulator 310 always represents the offset of the 
current rake element being processed and thus is used to control data input to 
despreader 178. The output of offset accumulator 310 is added by adders 336 
and 338 to the intra-time slice timing output of system time count 342 to 
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generate the address sequence within a time slice corresponding to a rake 
element. The output of adders 336 and 338 is selected via address MUX's 330 
and 332 to provide antenna sample buffer 172 read addresses. 

The output of offset accumulator 310 is also compared by 
5 comparator 326 with the output of system time count 342 to form the offset 
Walsh symbol strobe which indicates that antenna sample buffer 172 has 
sufficient valid data for the searching process to begin. 

Search rake count 320 keeps track of the number of rake elements 
remaining to be processed in the current search rake. Search rake count 320 is 

1 0 loaded with the width of the search window as stored in search width 

buffer 314 at the beginning of a search window. Search rake count 320 is 
incremented after the processing of the final Walsh symbol accumulation of 
each search rake is complete. When it reaches its terminal count, all offsets in 
the search window have been processed. To provide a indication that the end 
15 of the current search window is imminent, the output of search rake 
count 320 is summed by summer 324 with the output of rake width buffer 312. 
The end of the search window indication marks the time at which antenna 
sample buffer 172 may begin to be filled with data samples from an alternative 
antenna in preparation for the next search window without disrupting the 

2 0 contents needed for the current search window. 

When channel element microprocessor 136 specifies a search window, 
it can specify that the search window be performed for a plurality of antennas. 
In such a case, the identical search window parameters are repeated using 
samples from a series of antennas. Such a group of search windows is called 

2 5 an antenna search set. If an antenna search set is specified by channel element 

microprocessor 136, the antenna set is programmed by the value stored in 
antenna select buffer 348. After the completion of an antenna search set, 
channel element microprocessor 136 is alerted. 

Rake element count 318 contains the number of rake elements left to 

3 0 process in the current search rake. Rake element count 318 is incremented 

once for each rake element processed and is loaded with the output of rake 
width buffer 312 when the searching process is in the idle state or upon 
completion of a search rake. 

Walsh symbol accumulation count 322 counts the number of Walsh 
3 5 symbols left to accumulate for the current search rake. The counter is loaded 
with the number of Walsh symbols to accumulate as stored in Walsh symbol 
accumulation buffer 316 when the searching process is in the idle state or after 
completing a search rake sweep on the final Walsh symbol accumulation. 
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Otherwise the counter is incremented with the completion of each search 
rake. 

Input valid count 302 is loaded whenever the input antenna or 
decimator alignment changes. It is loaded with the minimum number of 
5 samples the searching process needs to process a search rake based on the 
output of rake width buffer 312 (i.e. one Walsh symbol plus one rake width 
worth of samples). Each time an antenna sample is written to antenna 
sample buffer 172, input valid count 302 is incremented. When it reaches its 
terminal count, it sends an enable signal that allows the searching process to 
1 0 begin. Input valid count 302 also provides the mechanism for holding off 
search processing when the offsets of successive search windows do not allow 
continuous processing of data. 

The searching process operates in either an idle state, a sync state, or an 
active state. Searcher sequencing control 350 maintains the current state. 

1 5 Integrated search processor 128 initializes to the idle state when a reset is 

applied to channel element modem 110. During the idle state, all counters 
and accumulators in search control block 166 load their associated search 
parameters as presented above. Once channel element microprocessor 136 
commands the searching process to begin a continuous or a single step search 

2 0 via the control word, integrated search processor 128 moves to the sync state. 

In the sync state, the searching process is always waiting for an offset 
Walsh symbol boundary. If the data in antenna sample buffer 172 isn't valid 
yet, or if the power control group alignment bit is set and the Walsh symbol is 
not a power control group boundary, then integrated search processor 128 

2 5 remains in the sync state until the proper conditions are met on a subsequent 

offset Walsh symbol boundary. With a properly enabled offset Walsh symbol, 
the searching process can move to the active state. 

Integrated search processor 128 stays in the active state until it has 
processed a search rake, at which time it normally returns to the sync state. If 

3 0 integrated search processor 128 is in single step mode, it can go from the active 

state to the idle state after completing the last rake element for the final 
Walsh symbol accumulation for the last search rake in the search window. 
Integrated search processor 128 then waits for channel element 
microprocessor 136 to initiate another search. If instead, integrated search 
3 5 processor 128 is in continuous mode then at this point it loads the new search 
parameter set and returns to the sync state to await the offset Walsh symbol at 
the initial offset to be processed in the new search. The active state is the only 
state in which the antenna data samples are processed. In the idle or sync 
states the searching process simply keeps track of time with system time 
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count 342 and continues to write into the PN sequence buffer 176 and antenna 
sample buffer 172 so that when the searching process does move to the active 
state these buffers are ready to be used. 

FIG. 14 is an exemplary timing view of the first Walsh symbol 
5 accumulation of the second search rake in a search window such as search 
rake 196 shown in FIG. 9. The third Walsh symbol as referenced to the zero 
offset reference system time clock is shown divided into thirty-two time slices. 
Searcher state 372 changes from sync to active when the offset Walsh symbol 
boundary indication corresponding to Walsh symbol 3 indicates that antenna 
1 0 sample buffer 172 is ready with valid samples to process at that offset. During 
the next available time slice, the first rake element of the search rake is 
processed. The searching process continues to use each time slice to process a 
rack element as indicated by an "S" in time slices 374 unless demod front 
end 122 uses FHT processor engine 120 as indicated by an "D" in time 

1 5 slices 374. The searching process finishes processing every rake element in 

the rake and returns to the sync state before the next offset Walsh symbol 
boundary corresponding to Walsh symbol 4. Also shown is search rake count 
state 362 being incremented during the active state until it reaches the 
terminal state, indicating the complete search rake has been processed. Offset 

2 0 count state 364 is shown being incremented between each time slice 

corresponding to a rake element, so that it may be used to derive the sample 
buffer offset read address during the time slice. Offset count state 364 is 
pipelined delayed as offset count for best result register 366. The offset 
count 368 is incremented on the final Walsh symbol accumulation 370 pass. 

2 5 Thus, a single integrated searcher processor configuration, by buffering 

antenna samples and utilizing a time sliced transform processor, can 
independently sequence through a search as configured by a search parameter 
set, analyze the results and present a summary report of the best paths to use 
for demodulation element reassignment. This reduces the searching related 

3 0 workload of the controlling microprocessor so that a less expensive 

microprocessor can be used, and also reduces the direct IC costs by allowing a 
complete channel element modem on a single IC. 

The general principles described herein can be used in systems using 
alternative transmission schemes. The discussion above was based on the 
3 5 reception of a reverse link signal where no pilot signal is available. On the 
forward link of the preferred embodiment, the base station transmits a pilot 
signal. The pilot signal is a signal having known data thus the FHT process 
used to determine which data was transmitted is not necessary. In order to 
embody the present invention, a integrated search processor for receiving a 
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signal comprising a pilot signal would not contain the FHT processor or 
maximum detection function. For example FHT processor engine 120 and 
max detect 160 blocks of FIG. 5 could be replaced with simple accumulator 125 
as shown in FIG. 15. The searching operation when a pilot signal is available 
5 is analogous to an acquisition mode access channel search operation as 
described above. 

The searching architecture described above can be used to perform 
searches in a variety of manners. The most efficient search is a linear search. 
A linear search is performed by linearly searching potential time offsets in 
1 0 order regardless of the probability that the remote unit is transmitting. When 
searching for a remote unit signal, the base station must know the expected 
coverage area range. For example a typical base station covers a range of 
approximately 50 kilometers implying a round trip delay of 350 microseconds 
or approximately 430 PN chips in the preferred embodiment. Also, in the 

1 5 multipath environment where signals take nondirect paths, the remote unit 

signal may be delayed as much as twice the direct path propagation implying 
that searching must be done over a set of nearly 1000 different PN offsets. 
Once a remote unit's signal has been detected and is being demodulated, the 
approximate distance of the remote unit is known and the possible PN offsets 

2 0 which need to be searched to ensure that the majority valid multipath signals 

are detected are greatly reduced. 

Within a given search over a power control group, there are three 
reasons why a signal may not be detected at a given PN offset. First, no signal 
may be arriving at the given PN offset. A remote unit may provide several 

2 5 multipath signals but the number of multipath signals created is only a very 

small portion of all the offsets searched. Thus the majority of searched offsets 
do not produce energy results that exceed the detection threshold precisely 
because no remote unit signal is present at that offset. 

Secondly, the signal may be arriving at the given PN offset but faded 

3 0 during a large portion of the search integration time. As explained above, the 

multipath characteristic of a radio channel can result in signal fading. Fading 
is the result of the phasing characteristics of the multipath channel. A fade 
occurs when multipath vectors are added destructively, yielding a received 
signal that is smaller than either individual vector. Thus if a signal which is 
3 5 long term valid happens to be in a deep fade at the time the search is made, 
no signal is available for detection by the searching process. 

Thirdly, the signal would have arrived at the given PN offset but for 
the fact that the transmitter of the remote unit is gated off during the period 
of time in question. As explained above, in the preferred embodiment the 
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remote unit produces a bursty signal. The remote unit comprises a variable 
rate vocoder which produces variable rate frames of data. The data burst 
randomizer determines during which time periods the remote unit transmits 
and during which time periods it does not transmit given the data rate of the 
5 signal to be transmitted, a remote unit specific identifying number, and the 
time of day. When operating at less than full rate, the data burst randomizer 
within the remote unit pseudorandomly distributes the active time periods 
within the transmission burst. A corresponding data burst randomizer is also 
included in the base station such that the base station can recreate the 
1 0 pseudorandom distribution based on the time of day and the remote unit 
specific identifying number but the rate information is not available during 
the searching process. As noted above, the eighth rate time periods determine 
a so called worthy group of time periods. In this way, regardless of the data 
rate of the transmitted signal, each time period corresponding to the worthy 

1 5 group is sure to correspond to a time when the corresponding remote unit 

was transmitting a signal. During all other time periods, the remote unit 
may or may not be transmitting depending on the corresponding encoding 
rate. 

When a linear search is specified, in order to obtain valid power 

2 0 measurements, the searching process confines the search integration time (i.e. 

the number of Walsh accumulations at a single search offset) to begin and end 
within a single power control group as explained in greater detail above. A 
search that integrates only within a single power control group is said to be 
synchronized with the power control group boundaries. If the searching 

2 5 process at a given offset were accumulated without regard to power control 

group boundaries and the remote unit were transmitting at less than full rate, 
valid search results corresponding to a power control group where the remote 
unit's signal is gated on may be summed with noise accumulated during a 
subsequent power control group that remote unit's signal is gated off. The 

3 0 summation of the search results corresponding to the power control group 

where the remote unit's signal is gated off corrupt the otherwise valuable 
results accumulated during the power control that the remote unit's signal is 
gated on. 

One method of searching would be to search only those power control 
3 5 groups corresponding to worthy groups. Even if such worthy group only 
searching is performed, the searching process and demodulation element 
assignment process must still be capable of handling the situation in which 
the energy accumulated does not exceed the detection threshold but in reality 
a signal is present at the offset due to the unpredictable fading characteristics 
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of the channel. Therefore a more efficient scheme is to accumulate energy in 
all power control groups whether or not they correspond to worthy groups. If 
energy is detected in a search which does not correspond to a worthy group, 
an additional valid data point is generated over and above what would be 
5 generated based on a worthy group only search. 

As noted above, a preamble search and a search performed during 
traffic channel operation are different. When a remote unit initially attempts 
to access the system, it sends a beacon signal called a preamble using the 
Walsh zero symbol. Walsh zero symbol is the Walsh symbol which contains 
1 0 all logical zeros instead of half ones and zeroes as described above. When a 
preamble search is performed, the searcher looks for any remote unit sending 
a Walsh zero symbol beacon signal on an access channel. In the preferred 
embodiment, the transmission of the preamble is always full rate and is never 
gated off. Therefore during a preamble search there is no need for 

1 5 synchronization with the power control group boundaries. 

There are many configurations for spread spectrum multiple access 
communication systems not specifically described herein but with which the 
present invention is applicable. For example, other encoding and decoding 
means could be used instead of the Walsh encoding and FHT decoding. The 

2 0 previous description of the preferred embodiments is provided to enable any 

person skilled in the art to make or use the present invention. The various 
modifications to these embodiments will be readily apparent to those skilled 
in the art, and the generic principles defined herein may be applied to other 
embodiments without the use of the inventive faculty. Thus, the present 
2 5 invention is not intended to be limited to the embodiments shown herein 
but is to be accorded the widest scope consistent with the principles and novel 
features disclosed herein. 
WE CLAIM: 
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CLAIMS 

1. A method of receiving a signal comprised of a group of spread 
2 spectrum call signals sharing a common frequency band wherein each of 
said spread spectrum call signals comprises a series of bits encoded in groups 
4 of a fixed length into a series of symbols wherein a series of said symbols are 
grouped together in a power control group wherein each symbol in a 
6 common power control group is transmitted at a common power level and 
wherein said power control groups are transmitted in bursts, and isolating 
8 one of said call signals from among said group to determine a call signal 
strength at a path delay time offset from a zero offset reference time, said 
1 0 method comprising the steps of: 

storing PN sequence data bits in a PN sequence buffer; 
1 2 storing a first received set of call signal samples in a sample buffer 

having a limited size; 
1 4 despreading a first fixed length set of said call signal samples from said 

sample buffer corresponding to a first path delay time with a first set of PN 
1 6 sequence data bits from said PN sequence buffer to produce a first despread 
output; 

1 8 storing a second received set of call signal samples in said sample 

buffer; and 

2 0 despreading a second fixed length set of call signal samples from said 

sample buffer corresponding to a second path delay time with said first set of 
2 2 PN sequence data bits from said PN sequence buffer to produce a second 
despread output; 

2 4 wherein said second fixed length set of call signal samples comprises a 

large number of the same call signal samples as said first fixed length set of 

2 6 call signal samples and wherein the length of said first and second received 
set of call signal samples is a fraction the fixed length of said first and second 

2 8 fixed length set of call signal samples; 

wherein said steps of storing said first and second fixed length set of 

3 0 call signal samples and said steps of despreading said first and second fixed 

length set of calls signal samples are performed independent of a probability 
3 2 that said one of said call signals is comprises one of said power control 
groups. 
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2. A method of receiving a signal comprised of a group of spread 
2 spectrum signals sharing a common frequency band and isolating a first 
signal from among said group of spread spectrum signals to determine a 
4 signal strength at a path delay time offset from a zero offset reference time of 
said first signal wherein said first signal comprises a series of symbols 
6 wherein a series of said symbols are grouped together in a symbol set 
wherein each symbol in a common symbol set is transmitted at a fixed 
8 power level wherein successive symbol sets may be transmitted at a variety 
of signal levels wherein said variety of signal levels includes a zero level 
10 wherein transmission of said first signal is gated off, said method 

comprising the steps of: 
1 2 searching a first set of call signal samples corresponding to a first 

symbol set for said first signal at a first offset to produce a first power 
1 4 estimate thereof; 

searching a second set of call signal samples corresponding to said first 
1 6 symbol set for said first signal at said first offset to produce a second power 
estimate thereof; 

1 8 summing said first and second power estimates to produce a symbol 

set power level estimate at said first offset; 

2 0 searching a third set of call signal samples corresponding to a second 

symbol set for said first signal at a second offset to produce a third power 
2 2 estimate thereof; 

searching a fourth set of call signal samples corresponding to said 
2 4 second symbol set for said first signal at said second offset to produce a 

fourth power estimate thereof; and 
2 6 summing said third and fourth power estimates to produce a symbol 

set power level estimate at said second offset; 

2 8 wherein said first symbol set and said second symbol set correspond to 

time contiguous symbol sets and wherein said steps of searching are 

3 0 performed continually regardless of said fixed power level. 
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M3o6peTeHne othocmtca, b oSi^eM cnynae, k 
nepeflane nHcjDopMai4nn n, b nacTHOCTn, k 
nepeAane MHctDopMai^nn nepe3 KaHan CBfl3n, 
M3 Mei-mHDLUM flea bo BpeivieHU, TaKOM KaK KaHan 

paflMOCB^3M, HanpHMep, B HaCTHOCTn, 
CUCTeMbl paflHOCBfl3H C ABM>KyLHHMMCfl 

o&beKTaMi/i. 

fllia 6opb6bl C HCKa>KGHMf1MM, BHOCnMbIMn 

KaHanoM nepeAann, KaK M3BecTHO, npn npneMe 
npon3BOAflT oi^eHKy 3Toro KaHana c tohkh 

3peHMfl BHOCMMblX MM MCKa>KeHML1 M, 

cneAOBaTeribHO, ncnpaBnaioT cjDopiviy 
nojiyneHHbix cnmanoB nepeA TeM, KaK M3BJieHb 
yKa3aHHyio HHC^opMai^MK) An* ooecneneHna no 
bo3mo>khoctm HencKaweHHbix cnmanoB. B 
MacTHOCTM, b cnynae u.ncjDpoBon nepeAann, npn 
npneMe npon3BOA^T oi4eHKy BpeivieHHoro 
pa36poca, bhocmmoto KaHanoM nepeAann, n 
ncnpaBJiflfOT cf)opMy nonyneHHbix u,nc£poBbix 
cnmanoB, BbipaBHMBaa nx, HTo6bi, HacKoribKO 
3to bo3mo>kho, nonynnTb cnmanbi c HyneBon 
Me>KCMMBoribHoii noMexon. 

M3BeCTHO, HTO ATI* OCyU4©CTBJieHM?1 Ol^eHKH 

KaHana nepeAann, noMMMO MHcjDopMai_|nn, 
Ha3biBaeMOM none3Hon, nepeAatoT 

MHcjDopMai^nK), Ha3biBaeiviyK3 nHqbopMau,nen 
ooyneHnfi nnn TecTOByio nHcpopMai^nio, KOTopaa 
b npoTHBonono>KHOCTb npeAbiAymew 3apaHee 
3ano>KeHa b npneMHUKe, hto no3BonneT nyTeM 
cpaBHeHna 0>KMAa©MOM l/IHCf>OpMai4HH M 
COOTBeTCTByHDLL^eM nonyneHHOn MHC|DOpMaL\MH 

ocymecTBHTb TaKyto oo,eHKy. 

B OTnnnne ot cnynaa KaHana npoBOAHon 

CB33H, TAe Ol^eHKy npOH3BOA?1T OAHOKpaTHO B 

Hanane nepeAann, b cnynae KaHana nepeAann, 
n3MeHHKDLnerocfl bo BpeMeHn, HanpoTMB, 
Heo6xoflMMO ocyii4ecTBn?iTb TaKyjo oo,eHKy TaioKe 
n b xoAe nepeAann. 

riosTOMy, Hanpniviep, b cncTeMe u,nqtipoBon 
paAnocBiq3n c abh^lhhmmch o6"-beKTaMn, Tuna 
cncTeM c MHO>KecTBeHHbiM AOCTynoM nyTeM 
pacnpeAeneHMn bo BpeMeHn, TaKMM KaK cncTeMa 
GSM (Cnei^nanbHafl rpynna ati^ noABn>KHbix 
o6"beKTOB), HanpnMep, Ka>KAbin naKeT (nnn 
"burst" Ha aHrnocaKCOHCKOM), B3HTbin b oahom 
M3 BpeMeHHbix MHTepBanoB CTpyKTypbi 
MynbTnnneKCHoro KaHana CBfl3n c BpeMeHHbiM 
ynnoTHeHneM, xapaKTepHon Ann 3Ton cncTeMbi, 
coAep>KHT KpoMe none3Hon nHqbopMau.nn u,nKn 
nepeAann o6yneHna. 

Heo6xoAHMO OTMemTb, hto none3Hon 
HHc|3opMaL4MM, noAne>KaLL4en nepeAane cuctomom 
GSM, a hmshho nH(£apMau 1 noHHbin 06 mqh (penb 
nnn AaHHbie) nnn cnrHann3au,nfl, a b cnynae 
cnrHann3au,nn - Tun nepeAaBaeMon 
cnmann3au,nn, onpeAensieT KaHan, Ha3biBaeMbin 
nornnecKnn, n nTO yKa3aHHaa cTpyKTypa 
MynbTnnneKCHoro KaHana cba3m c BpeMeHHbiM 
ymioTHeHneM BKnionaeT b ashhom cnynae 
Apyryw cipyKTypy KaApa, onpeAenaioLnyfo 
cnocoo", KOTopbiM cjDH3nnecKne KaHanbi 
nepeAann (nnn nHTepBanbi BpeMeHn 3Ton 
CTpyKTypbi KaApa (pacTpa)) 

MynbTnnneKcnpytoTca no BpeMeHn, npnneM 
CTpyKTypbi MynbTnKaApa n rnnepKaApa 
onpeAenflHDT cnoco6, KaKnM qbnsnnecKne 
KaHanbi nepeAann pa3AenaiOTCfl bo BpeMeHn 
Me>KAy yKa3aHHbiMn pa3nnnHbiMn nornnecKnMn 
KaHanaMn. 

CneAOBaTenbHO, b cncTeMe GSM naKeT, 
ncnonb3yeMbin a^^ nepeAann none3Hon 
nHcjDopMau.nn, OTHocflLnnnca k nornnecKOMy 
KaHany - nHOMy, neM oco6bie KaHanbi 
cnrHann3au,nn, Ha3biBaeMbie FCCH ("KaHan 
KoppeKU,nn MacTOTbi"), SCH ("KaHan 
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cnHxpoHn3au,nn") n RACH ("KaHan co 
CnynanHbiM flocTynoM"), Bi<nK)naeT 26 pa3p^AOB 
nocneAOBaTenbHOCTn nepeAann o6yneHna - 
npoTnB 114 pa3pnAOB none3HOM MHqbopMai^nn. 

HMeHHO A^HHbin QbaKT, b nacTHOCTn, 
aBn^eTCfi HeAOCTaTKOM - ncnonb30BaHne 
3HannTenbHon nacTn ncTonHnKOB nepeAann flxifl 
nepeAann nHcf)opMai_|nn OTnnnHon ot none3Hon 
iiHcjDopMaunii. 

B ocHOBy HacTonLAero n3o6peTeHna 
nono>KeHa 3aAana ncmiionnTb BbiiueyKasaHHbin 
HeAOCTaTOK n3BecTHbix cncTeM n, 
CneAOBaTenbHO, nonynnTb onTnManbHyio 
scjDc^DeKTnBHOCTb ncnonbsoBaHn^ KaHana 
nepeAann n, b oco6eHHOCTn, npn Bcex nponnx 
paBHbix ycnoBn^x, yBennneHne none3Hon 
Harpy3Kn, nepeAaBaeMon paccMOTpeHHon 
cncTeMon nepeAann n, KpoMe Toro, Ao6nTbc?i 
yMeHbLiieHnfl 3ana3AbiBaHna nepeAann, 
o6ecnennBaeMon yKa3aHHon cncTeMon, nnn 
yMeHbLLieHn^ nHTepctDepeHU,nn Me>KAy 
nonb30BaTenaMn cncTeMbi. 

HacTOiRLAee n3o6peTeHne npn3BaHO, TaioKe 
cqbopMMpoBaTb CMCTeMy nepeAann MHqbopMau.nn 
nepe3 KaHan nepeAann, n3MeH5qioLnnnca bo 
BpeMeHn, BbinonHeHHyio c B03MO>KHOCTbio 
nepeAann noMUMO none3Hon nHc)DopMaL\nn 
nHqbopMai^nio o6yneHna, nosBonflfOLAyio 
ocyLAecTBnTb npn npneMe oueHKy yKa3aHHoro 
KaHana nepeAann, npnneM cncTeMa OTnnnaeTca 
TeM, hto coAep>KnT cpeACTBa, no3BonflfOLAne 
ou,eHnTb, flBnj^eTCfl nn nepeAana nHct)opMau,nn 
o6yneHnfi Heo6xoAnMon b nnaHe n3MeHeHnn 
yKa3aHHoro KaHana n cpeACTBa A^fi nepeAann 
nHa>opMai4nn o6yneHn5q TonbKO b tom cnynae, 
KorAa oto ou,eHeHO KaK Heo6xoAnMaa 
nHcjDopMai^nfl. 

B AanbHenweM n3o6peTeHne noacHfleTCfl 
onncaHneM BapnaHTOB ero BbinonHeHn?i co 
ccbinKaMn Ha conpoBO>KAafOLAne nepTe>Kn, Ha 
KOTopbix: 

- qbnr. 1 n3o6pa>KaeT npnMep CTpyKTypHon 
cxeMbi cncTeMbi nepeAann cornacHO 
n3o6peTeHHK); 

- cpnr. 2 n 3 - b npnMeHeHnn k cncTeMe 
paAnocBfi3n c noABn>KHbiMn o6"beKTaMn - Tnna 
GSM npnMepbi 6noK-cxeM cooTBeTCTBeHHO 
nepeAaioLi^en annapaTypbi n npnHnMaioLAen 
annapaTypbi cncTeMbi nepeAann cornacHO 
n3o6peTeHnto. 

nepeAaK)inafl annapaTypa cncTeMbi 
nepeAann, noKa3aHHon Ha cfcnr. 1, BKnionaeT, 
KaK y>Ke M3BecTHo: 

cpeACTBa 1 BbiAann none3Hon 
nHqbopMai_|nn, nepeAaBaeMon yKa3aHHon 
cncTeMon b BnAe, aAanTnpoBaHHOM Ann ee 
nepeAann yKa3aHHon cncTeMon, npnneM 
cpeACTBa 1 MoryT coAep>KaTb, b nacTHOCTn, Ann 
cnynan cncTeMbi paAnocB^3n c ABn>KyLAnMncfl 
o6-beKraMLi, TaKon KaK cncTeMa GSM, 

- cpeACTBa ncxoAHoro KOAnpoBaHnn, 
cpeACTBa KaHanbHoro KOAnpoBaHnn n cpeACTBa 
BbiAann 3aKOAnpoBaHHon TaKnM o6pa30M 
nHqbopMai_|nn b a>opMaTe, conocTaBnMOM c 
BbiLueynoMflHyTon CTpyKTypon MynbTnnneKCHoro 
KaHana cb?13h c BpeMeHHbiM ynnoTHeHneM, 

- reHepaTop 2 MHcjsopMau.nn o6yneHM5q, 

- cpeACTBa 3 Bbioopa BnAa nHQbopMaunn - 
none3Hon, nonynaeMon ot cpeACTB 1 nn6o 
nHQbopMai4nn oGyneHnn, CHnMaeMon c 
reHepaTopa 2, ynpaBnaeMoro TaKTOBbiM 
reHepaTopoM 4 b cooTBeTCTBnn co CTpyKTypon 
MynbTnnneKCHoro KaHana CBH3n c BpeMeHHbiM 
ynnoTHeHneM b yK33aHHOM npnMepe 
BbinonHeHnn, 
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MOflyJIflTOp 5, COeflUHBHHblM C 

nepeflaKDLneM aHTeHHOM 6 v\ npMHMMafOLAMM 
HHcj^opMai^nKD, BbiflaBaeMyho cpeACTBaMM 3. 

npneMHaa annapaTypa CMCTeMbi nepeAaHM, 
noKa3aHHOM Ha qbwr. 1, BKnjonaeT TaioKe: 

- cpeflCTBa fleMOflyrifli^MM 7, coeflMHeHHbie c 
npneMHOw aHTeHHOM 8 n BKmonafOLAMe b ashhom 
cnynae cpeACTBa (He noKa3aHHbie Ha nepTe>Ke) 
AJ~m oueHKM KaHana nepeAanw (b a^hhom cnynae 
KaHana paAMOCBfl3n) Ha ocHOBe nonyneHHOM 

MHCjDOpMaUUM OCyHeHMfl M KOppeKTHpOBKH 

cooTBeTCTByHDLL^nx nonyneHHbix CMmanoB, 
HecyLAUx none3Hyio MHc|DopMai4MHD, npuneivi b 
3aBncnMOCTM ot stom oueHKH yKasaHHbie 
cpeACTBa 7 p,e\ACTBy\OT noA ynpaBneHneM 
TaKTOBoro reHepaTopa (cnHxporeHepaTopa) 9 b 
COOT BeTCTBM n co orpyKTypoM MyjibTunjieKCHoro 
KaHana cba3m c BpeivieHHbiM ynrioTHeHneM b 
ynoMMHaeMOM npMMepe npwMeHeHMa, 

- cpeACTBa 10, nonynaioLUMe MHqbopMauMio, 
BbiAaBaeMyio cpeACTBaMM AeMOAynflLjMM 7, n 
BbinoriH^fOLAne cjDyHKL^MKO, npoTHBonono>KHyfo 
cjDyHKUiHH, ocyLi^ecTBJi^eMoti npn nepeAane 
cpeACTBaMM 1 . 

CornacHO n3o6peTeHHK3 cucTeivia 
AonojiHMTeribHO BKmonaeT: 

- cpeACTBa 1 1 OL\eHKM HeoGxoAHMOCTH 
MHcjDopMai^nM ooyneHMfl b nnaHe n3MeHeHnPi 
KaHana nepeAaHM, 

- cpeACTBa 12 nepeAaHM MHC)DopMai4HH 
ooyneHMfl npM Hannnnn HeooxoAMMOCTM b 

yKa33HHOM MHCj30pMaL4MM. 

CpeACTBa 1 1 B COOTBeTCTBMM c BapnaHTOM 

no c|Dnr. 1 BKJiHDHajoT: 

- cpeACTBa 13 oi^eHKW KanecTBa nepeAaHM 
nepe3 cucTeiwy, 

- cpeACTBa 14 o6Hapy>KeHHfl yxyAweHi/m 
KanecTBa nepeAaHM, OLjeHeHHotf TaKMM o6pa30M, 

- cpeACTBa 12 nepeAaHM MHcjDopMau.nn 
ooyneHMfl npn HannnuM yxyAweHMfl KanecTBa 
nepeAann. 

B noKa3aHHOM npniviepe peannsai^nn 
cpeACTBa 12 AononHMTenbHO no3Bon?iioT 
nepeAaBaTb none3Hyio MHQbopMaLjMio BMecTO 
MHCpopMaL^HM ocyneHMfi, KorAa nepeAana 
yK33aHHOM MHcjoopMai^MM He npn3HaHa 
HeooxoAMMOM, T.e. b ashhom cnynae npn 
OTcyTCTBUM yxyALueHwa KanecTBa nepeAanw. 

YKa3aHHbie cpeACTBa 12 npeACTaBneHbi Ha 
0nr. 1 kom MyTaTopoM , nonynafOLAUM, c oahom 

CTOpOHbl, none3HyfO MHQbopMaLJMIO, 

BbiAaBaeMyio cpeACTBaMM 1, c Apyrofi CTopoHbi, 
MHcjDopMaunK) ooyneHMfl, BbiAaBaeMyto 
reHepaTopoM 2, np^neM yKa3aHHbiM KOMMyTaTop 
ynpaBnjReTca curHanoM C1 ; CHMMaeMbiM b 
AaHHOM cnynae c onoKa 14 KOHTpona 
yxyALueH^fl KanecTBa nepeAaHM v\ 
npoKnaAbiBafOLL^HM MapiupyT ot npuHUMafou^eki 
annapaTypbi k nepeAafomeM annapaType nepe3 
KaHan, Ha3biBaeMbiM KaHanoM B03BpaTa. KaHan 
B03BpaTa npeACTaBneH KaHanoM paAMOCBA3M m 
mo>kbt npoxoAMTb, HanpMMep, b cnynae 
AByxHanpaBneHHOM cucTeMbi, no ApyroMy 
HanpaBneHnio cucreMbi. 

B noKa3aHHOM npuMepe, cornacHO KOTopoMy 
none3Haa MHqbopMai^MH MO>KeT GbiTb nepeAaHa 
BMecTO HHcf)opMai4MM o6yHeHMfl, cpeACTBa 
AeMOAynflUMM 7 TaioKe 4)yHKi4MOHMpy[OT noA 
ynpaBneHneM ynpaBnafOLAero cumana C2, 
yKasbiBafOLAero, HaxoAHTCfl v\nv\ HeT none3Hafl 
MHcjDopMauna Ha MecTe MHcjDopMai4MM oeyneHMfl, 
npuneM yKa3aHHbiPi curHan C2 MO>KeT, 
HanpuMep, 6~biTb nony^eH KaK cnei^nanbHbiCi 
6noK HHcfcop Ma 141/1 n 5 bboammom c nepeAa^eCi. 
flpyrne npuMepbi nonyHeHna cumana C2 6yAyT 
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npuBeAeHbi HM>Ke. 

Oi^eHKa KanecTBa nepeAann, o KOTopow Luna 
pe4b BbiLue, mo>kst 6biTb nonyneHa pa3nnHHbiMM 
M3BecTHbiMH cnoco6aMM, HanpuMep b 
pe3ynbTaTe: 

- oi^eHKM OTHOiueHMfi curHan/ujyM nnn 
OTHOLiieHMfl curHan/MHTepcjDepeHL^ufi, 

- Ol^eHKM K03C|D4)MI4MeHTa ABOMHHOM OIJJM6KM, 

- aHann3a xapaKTepucTHK, oi^eHeHHbix 
KaHanoM nepeAanw, 

aHann3a AaHHbix, xapaKTepn3yioLAMX 
KanecTBO m Bbipa6aTbiBaeMbix cpeACTBaMM 
AeMOAyJi^MMM b cnynae, KorAa yKa3aHHbie 
cpeACTBa BbiAafOT ati^ Ka>KAoro nonyneHHoro 

CUMBOna l4MC)DpOBOM MHC)DOpMai4MM 3 nOMMMO 

3HaMeHMfl 5 onpeAeneHHoro An^ AaHHoro 
cuMBona, 3HaneHMe KanecTBa AeMOAynaL^nn nnn 

AOCTOBepHOCTH, CB5R3aHHOe C AaHHOM 

BenuMMHOM (aHanornMHO n3BecTHOMy 
aHrnnMCKOMy TepMUHy "soft-decision" 
"MnrKoe peiueHLie"), 

- aHani/i3a noBeAeHU^ anrop^TMa cne>KeHH5q 
BbipaBHUBaraLAero ycTpowcTBa b cnynae cpeACTB 
AeMOAynfli^i/ii/i, BicnHDMaHDLAMX BbipaBHUBawDLAee 
ycTpoCicTBO, Ha3biBaeMoe ycTpoMCTBOM 
cne>KeHH?i: ecnn CMman oluh6km 3 KOTopbifi 
o6bNHO 3acTaBnneT anropnTM cxoAMTbca, 

CTaHOBHTCfl CnMLUKOM 6onbLUMM, TO 3TO BeAeT K 

TOMy, mto KaHan cb513m HapyLuaeTCjq, 

- ncnonb30BaHne HecKonbKMX H3 yKa3aHHbix 

ASMCTBI/1M OflHOBpeMeHHO. 

Ha cfinr. 1 noKa3aHbi BbiLuenpuBeAeHHbie 
BapnaHTbi, nocKonbKy HHctDopMai^niR, 
Heo6xoAHMa?i a^i^ peannsai^nn yKa3aHHofi 
oi4eHKM cpeACTBaMM 13, MO>KeT 6biTb 
cocTaBneHa nw6o H3 ci/irHanoB ; npuMeHaeMbix 
co cpeACTBa m \a ppuapynnuywA 7 3 n^6o M3 
MHcjDopMai4MM, Bbipao"aTbiBaeMOM yKa3aHHbiMM 
cpeACTBaMM AeMOAynwi^MM 7, nM6o M3 
HHC^opMaunn, BbiAaBaeMOM cpeACTBaMM 10. 

CyiAeCTByeT B03MO>KHOCTb npOBOAMTb 

oi^eHKy KoscjxjDMi^MeHTa abomhhom olum6km B 
OTcyTCTBMe nepeAaHM MHcjDopMai^MM o6yneHM?i 
Ha none3HOM MHcjDopMai^MM b cny^ae, KorAa 
cpeACTBa 1 BKnioMaioT KaHanbHoe KOAMpoBaHMe, 

npM MCnonb30B3HMM OAHoro MnM HeCKOnbKMX 
cpeACTB 3au4MTbi ot olum6ok nepeAaHM. 

CymecTByeT TaioKe B03MO>KHOCTb no MToraM 
noAcneTa KOGqbqbMi^MeHTa abomhhom oljjm6km 
nepeAaTb b nacTb CBo6oAHoro ot MHcjDopMai^MM 
o6yHeHMfi npocTpaHCTBa (npoMex<yTKa) 
Henone3Hyio m M3BecTHyio 3apaHee 
MHcjDopMai4Mio npMHMMahDiAero ycTpoMCTBa. 
TaKafi MHcjDopMai^Mfl Morna 6bi 6biTb 
AononHMTenbHO McnonbsoBaHa c i^enbio 

BpeMeHHOM CMHXpOHM3ai4MM npMH MMatOLL^eM 

annapaTypbi nepeAarameM annapaTypoM. 

CornacHO ApyroMy npMMepy BbinonHeHMa 
oueHKa xapaKTepa nepeAa^M MH0opMai4MM 
o6yHeHMfl (HeoCxoAMMa MnM HeT) Morna 6bi 
6biTb pe3ynbTaTOM npeABapMTenbHoro M3yneHMfl 
ycnoBMM pacnpocTpaHeHMfi b paccMOTpeHHOM 
KaHane nepeAann. 

CpeACTBa, oi^eHMBaiOL^Me HeooxoAMMOCTb 
tom MnM mhom nepeAaMM, moitim 6bi b gtom 
cnynae BKnfonaTb, HanpMMep, cpeACTBa, 
no3BonaioLAMe onpeAenMTb, MCTeK jim MnM HeT 
onpeAeneHHbiM cpoK ot nocneAHeM nepeAaHM 
MHc(DopMai4MM ocyHeHMfl (npMHeM yKa3aHHbiM 
cpoK onpeAeneH bo BpeM^ yKa3aHHoro 
npeABapnTenbHoro M3yHeHHfi). 

B AanbHeMLueM 6yAeT onMcaH co ccbinKaMM 
Ha qbMr. 2 m 3, MnnKiCTpMpyiOLUMMM 
cooTBeTCTBeHHO nepeAaiou^ee o6opyAOBaHMe m 
npMHMMafOLnee o6opyAOBaHMe, npMMep 
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npuMBHeHMii HacTOflLi^ero M3o6peTeHMfl b 
CMCTeivie paAHOCBA3M c noABM>KHbiMM 
06-beKTaMH, Tuna GSM. 

OSopyAOBaHne A^a nepeAaHM, noKa3aHHoe 
Ha cjDnr. 2, BKmonaeT cpeACTBa An* BbiAaHM 
none3HOM HHCpopMai^MM, OTHOCALneMca k 
Ka>KAOMy TMny norMHecKoro KaHana, 
nepeAaBaeMOM yKa3aHHbiMM nepeAaioiuMMM 
cpeACTBaMM b qoopMe, aAanTMpoBaHHOM Ana 
nepeflann stow cv\ctqmo\a. 

flrifl ynpomeHMfl noKa3aHbi TonbKO cpeACTBa 

CjDOpMMpOBaHMfl nOJie3HOM MHCjDOplViaL^MH, 
OTHOC^LAeMCfl K OAHOMy H3 yKa3aHHbix 

jiornnecKnx KaHanoB, npn stom Apyrne 
flBnafOTCfl noAo6HbiMH, a ocoGbie KaHanbi 
CMrHannsai^nn, Ha3biBaeMbie FCCH, SCH n 
RAGH, KaK 6bino yKa3aHO Bbiwe, He 
3aTparnBafOTCfl. 

YKa3aHHbie cpeACTBa cjDopivinpoBaHMfi 
BKnfOHajoT M3BecTHbiM cnocoooM 

cKOMnoHOBaHHbie: 

- ncxoAHoe K0AMpyfOL4ee ycTpoficTBO 15, 
BbiAarcmee MHcf>opiviai4HOHHbie o6""beKTbi, 
Ha3biBaeMbie onoKaMM cmmbojiob, 

- KaHanbHoe KOAMpyiomee yorpoMCTBO 16, 
BbiAatoLi^ee 3aKOAMpoBaHHbie otiokm chmbojiob 
Ana 3au4MTbi ot oluh6ok nepeAaHH, 

- cpeACTBa nepeAOBaHun (nepeivie>KeHnn) 17, 
no3BormK)Lnne nepeAQBaTb 6nTbi 
3aKOAnpoBaHHbix ojiokob, nonyneHHbix TaKMM 
o6pa30M, HTo6bi AeKoppennpoBaTb yKasaHHbie 
oluhSkm nepeAaHM, 

- cpeACTBa KBaHTOBaHHfl 18, no3Bon^K3U4ne 
KBaHTOBaTb 6noKM, BbiAaBaeMbie cpeACTBaMM 
17, b cy66noKM, npeAHa3HaneHHbie 
pacnpeAeneHMfl Me>Kfly h ecKon b km m m 
nocneAOBaTenbHbiMM naKeTaMM. 

Cy66noKM, BbiAaBaeMbie cpeACTBaMM 
KBaHTOBaHUFi 18 nw6o cpeACTBaMM 

KBaHTOBaHUfl, BXOA3LJ4MMH B COCTaB cpeACTB 
CjDOpMMpOBaHMfl, OTHOCflLAMXCfl K APVMM 

nornnecKUM KaHanaM, ynnoTHflHDTCfl 
MynbTunneKcopoM 19 c He none3HOM 
MHcjDopMai^neCi m, b nacTHOCTM, c 
nocneAOBaTenbHOCTbio nepeAaHM ooyneHMfi, 
BbiAaBaeMOM reHepaTopoM 
nocneAOBaTenbHOCTM nepeAaHM ooyneHMfl 20, 
Ann nofiyneHUfl MHcjDopMai^noHHbix o&beKTOB 
nepeAaHM, Ha3biBaeMbix naKeTaMM, npuneivi 
yKa3aHHbie naKeTbi pa3Mei_ueHbi b yKa3aHHbix 
cf)H3MHecKnx KaHanax nepeAaHM, KOTopbie mm 
npeAOCTaBneHbi atia ocyLnecTBneHMfl a^hhom 
CBfl3H nepe3 AaHHyho cwcTeMy. 

BbioopKa Me>KAy cy66noKaMH, 

BbiAaBaeMbiMM cpeACTBaMM KBaHTOBaHMfl 18, 
OTHOcflmi/iMMCfl k norMHecKOMy KaHany, nnn 
cy66noKaMM, BbiAaBaeMbiMM cpeACTBaMM 
KBaHTOBaHna, othochlummmca k ApyrMM 
norMMecKMM KaHanaM, BbinoriHfleTCfl ApyrMM 
ynnoTHMTeribHbiM ycTpoficTBOM 21, npMHeM 
yKasaHHbie ABa ycTpoMCTBa ynnoTHeHMfl 19 n 21 
ynpaBJiflioTCfl TaKTOBbiM reHepaTopoM 22 b 

COOTBeTCTBMM C yK33aHHOM CTpyKTypOM 

MyribTMnneKCHoro KaHana cba3m c BpeMeHHbiM 
ynnoTHeHMeM. 

naKeTbi, McxoA^mne M3 MHO>KMTenbHoro 
ycTpoMCTBa 19, Ana mx nepeAaHM b 
paccMaTpMBaeMbiM KaHan nepeAaHM 

npuMei-mfOTCfl c MOAynaTopoM 23, coeAHHeHHbiM 
c npneMHOM aHTeHHOM 24. 

CornacHO CMCTeMbi GSM 6noK, 
othocallj.mmcfi k APyroMy KaHany, OTnMHHOMy ot 
ocoGbix KaHanoB CMrHanM3ai4MM, Ha3biBaeMbix 
FCCH, SCH M RACH, 3aKOAMpoBaHHbiM A^ifl 
3aLi^MTbi ot olum6ok nepeAaHM, coAep>KMT 456 
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6mtob m naKeT coAep>KMT 57 none3Hbix 6mtob 
Ka>KAbiM, pa3AeneHHbie nocneAOBaTenbHOCTbio 
nepeAaHM o6yneHMa - 26 6mtob. 114 none3Hbix 
Gmtob naKeTa o6pa30BaHbi AononHMTenbHO b 
COOTBeTCTBMM c CMTyai4MeM, T.e. cornacHO TMny 
norMnecKoro KaHana, npMHeM oamh MnM 
HecKonbKO cy66noKOB npMHaAnexaT OAHOMy 
MnM HecKonbKMM nocneAOBaTenbHbiM onoKaM, 
OTHOcflLi^MMCfl k A^HHOMy nornHecKOMy KaHany, 
npMHeM yKa3aHHbie cy66noKM MMetoT atia 
yKa3aHHoro norMHecKoro KaHana onpeAeneHHyio 
AJiMHy, Ha3biBaeMyfo b a^hhom cnynae 

HOMMHanbHOM AnHHOM. 

CornacHO M3o6peTeHMfo b npMMepe, 
npuBeAeHHOM Ha cpur. 2 m 3, cornacHO KOTopoMy 
Mcnonb3yioT npocTpaHCTBO, ocTaBneHHoe 

CBOOOAHblM 3a CHeT OTCyTCTBMfl 

nocneAOBaTenbHOCTM nepeAaHM ooyneHMfl atia 
nepeAaHM none3HOM MHqbopMai^MM, AnMHa 
cy66noKOB, BbiAaBaeMbix cpeACTBaMM 

KBaHTOBaHMfl, T3KMMM KaK 0603HaHeHHbie 

no3ni4Mew 18, EBnaeTCfl M3MeHFieMOM. 

C 3tom i4enbio yKa3aHHbie cpeACTBa 
KBaHTOBaHMfl npMHMMaioT ynpaBna^Li^MM CMman, 
o6o3HanaeMbiM C3, CHMMaeMbiM c onoKa 
ynpaBneHMfl 25, b cboio onepeAb 
npMHMMaioLAero ynpaBnaioLAMM CMman HanMHMfl 
MnM OTcyTCTBMfl nocneAOBaTenbHOCTM 
o^yneHMfi, cornacHO dpwr. 1, C1. 

none3Ha^ MHcjuopMai^Mfl, nepeAaBaeMaa b 
ocTaBneHHoe CBo6oAHoe npocTpaHCTBO 
(npoMe>KyTOK) b a>M3MHecKOM KaHane nepeAaHM 
BBMAy OTcyTCTBM^ o6yHa^meM 
nocneAOBaTenbHOCTM, MO>KeT 6biTb CB^3aHa c 
TeM >Ke caMbiM norMHecKMM KaHanoM, hto m 
KaHan, saHMMaiou^MM ocTaTOK yKa3aHHoro 
c|3M3MHecKoro KaHana MnM c ApyrMM norMHecKMM 
KaHanoM. 

B cnynae, KorAa yKa3aHHaiR MHcjDopMai4Mfl 
CB^3aHa c TeM >Ke caMbiM norMHecKMM KaHanoM, 

HTO M KaHan, 3aHMMaK)U4MM OCTaTOK 

ynoMMHaeMoro qbM3MHecKoro KaHana, n^MHa 
cy66noKOB ot cpeACTB KBaHTOBaHMfl, TaKMX KaK 

18, MO>KeT 6blTb BblLLie yKa33HHOM HOMMHanbHOM 

AnnHbi. B 3tom cny^ae nepeAa^a nonHoro 6noKa 
MO>KeT noTpe6oBaTb MeHbiue naKeraB, neM b 
cnynae, KorAa yKa3aHHbie cy66noKM MMeioT 
no-npe>KHeMy yKa3aHHyio HOMMHanbHyio AnMHy, 

HTO AaeT B03MO>KHblM BblMrpblLJJ BO BpeMeHM 

nepeAaHM. 

B cnynae nepeAaHM peHM He yAaeTcs 
nonyHMTb b nonHOM o6"beMe TaKOM BbiMrpbiiu bo 
BpeMeHM nepeAaHM, t.k. npM npMeMe peneBayi 
MHqbopMai_|M?i AonxHa 6biTb BOCC03AaHa c 
nOCTOflHHblM asGmtom. 

OAHaKO b cnynae nepeAaHM peHM moxho 
nacTMHHo nonyHMTb BblMrpblLU bo BpeMeHM 
nepeAaHM (npn ycnoBnn, hto yKa3aHHbie ASHHbie 
He TpeSyioT nepeAaHM b pe>KMMe uenM 

(KOHTypa), B 3TMX OOCTOflTenbCTBaX CHOBa 

nonaAaHDT b Ty >Ke caMyio CMTyai4Mio, KOTopa?i 
paccMaTpMBanacb Bbiwe, KorAa penb Luna o 
nepeAane penn). 

OAH3KO, nOMMMO TOrO, HTO OH MOKBT 6blTb 

i4eHeH caM no ce6e, TaKOM BbiMrpbiiu bo 
BpeMeHM nepeAaHM AononHMTenbHO no3BonaeT 
yMeHbLUMTb BpeMa 33HFITOCTM KaHana 
paAMonepeAaHM, a cneAOBaTenbHO, pmck 

B03HMKHOBeHMfl MHTepcjDepeHI4MM C APYRMM 

nonb30BaTen?iMM. 

npOCTpaHCTBO, OCTaBneHHOe CBOOOAHblM 

BHyTpM o>M3MHecKoro KaHana nepeAaHM M3-3a 
OTcyTCTBM^ o6ynaioLAeM nocneAOBaTenbHOCTM, 
MOKeT TaioKe Mcnonb30BaTbc?i nepe3 
norMHecKMM KaHan, OTnMHHbiM ot KaHana, 
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3aHMMaK)Li4ero ocTaTOK qbM3MHecKoro KaHana, 
OTCfOfla - yBeriMHeHwe none3HOM Harpy3KH, 
nepeflaBaeiwoM cucTeMOM. 

HanpMMep, b cnynae, Kor^a norMHecKMM 
KaHan, 3aHMMaioLi4MM ocTaTOK yKa3aHHoro 
cf)H3MHecKoro KaHana, RBnnercn KaHanowi 
TpacjDHKa (oo~MeHa), penb mo>kgt math o KaHane 
cnrHann3ai4HM v\nv\ ApyroM KaHane TpacpMKa 
(HHcjDopMai^MOHHoro o6MeHa). 3tot ApyroM 
KaHan Tpac^MKa MO>KeT 6biTb npeAocraaneH Ana 
Toro BMAa cba3m, KaK m npeAbiflyL^HM, hum 
Ana Apyroro BHAa cba3M. 

B cnynae, HanpuMep, AByx TaKMX CMCTeM 
cbfi3m, KorAa p,e\7\CTBy\CT a se pa3JiMHHbie 
nepeABH>KHbie CTaHi^MM h oflHa m Ta >Ke 6a30Baa 
CTaHL^a, b KOTopoPi pa3MemeHa 
pacciviaTpMBaeMafl nepeAaioLna* annapaTypa, 
AonycKaioT, HanpMMep, atia HMCxoAflLnero 
HanpaBJieHMfi (a HiweHHO ot yKa3aHHOM 6a30BOM 

CTaHUMM K nepeABM>KHblM CTaHI^MflM), HTO 

nepeABH>KHa5i CTaHL^fl, BKmoneHHaa b 
yKa3aHHyno ApyryK) CBH3b, npeABapMTenbHO 
6bina npeAynpe>KAeHa 06 stom cba3m, b ashhom 
cnynae nepes KaHan CMrHann3ai_|nn, 
Ha3biBaeMbiM PCH ("KaHan noMCKOBoro 
Bbi30Ba"). 

Bbl6op Me>KAy pa3nMHHblMM B03M0>KH0CTflMM 

ncnonb30BaHMfi npocipaHCTBa (npoMe>KyTKa), 

OCTaBneHHOrO CBOSOAHblM M3-3a OTCyTCTBMfl 

o6yHatoLi4ew nocneAOBaTenbHOCTM, 
ocyuj.ecTBnfleTCfl cxeMOM ynpaBneHMfl 25 no 
npeABapMTenbHO ycTaHOBneHHbiM KpHTepmiM , 
KOTOpbie 3aBMC?1T ot npHMeHeHMfl, 
ocyu^ecTBn?ieMoro paccMaTpMBaeMOM CMCTeMOM 
nepeAa^M, m He Bee pacKpbiTbi b a3hhom 
onMcaHMM. 

flaHHaa cxeivia (i^enb) ynpaBneHMn 25 
AononHMTenbHO Bbipa6"aTbiBaeT TaKOM CMman, 
KaK C3, npeAHa3HaneHHbiM Anfl cpeACTB 

KBaHTOBaHHfl, TaKMX KaK 18, CMTHanbl 

ynpaBneHM^, o6o3HaneHHbie C4 m C5, 
npeAHa3HaneHHbie cooTBeTCTBeHHO nrifl 

MHOKMTenbHOrO yCTpOMCTBa 19 M 

MHO>KMTenbHOrO yCTpOMCTBa 21 . 

C L^enbfO MHCjDOpMMpOBaHMfl C nOMOLLJblO 

MHOKMTenbHoro ycTpoMCTBa 19 npMeMHOM 
annapaTypbi, npMHMMaioLneM noAroTOBneHHbie 
TaKMM o6pa30M naKeTbi, coAep>KMT nM 
nonyneHHbiM naKeT nocneAOBaTenbHOCTb 
ooyneHMfl, b yKa3aHHoe MHO>KMTenbHoe 
ycTpoMCTBO 19 MOxeT TaiOKe 6biTb BBeAeH 
ABOMHHbiM aneMeHT MnM "qbnar", o6o3HaneHHbiM 
F, b Hanane naKeTa, npMHeM yKa3aHHbiM 
ABOMMHbiM aneivieHT coxpaHfleTca c tom >Ke 
MHAMKai^MeM, a ero BenMHMHa, HanpMMep, 
3aflaeTCfi cxeMow ynpaBneHMS 25. 

B cnynae, KorAa nocneAOBaTenbHOCTb 
ooyneHMfl aBTOMaTMHecKM BHOBb nepeAaeTCfl 
nocne MCTeneHMH onpeAeneHHoro cpoKa, TaKaa 
MHAHKai4M5R MO>KeT He 6biTb o6fl3aTenbHOM. 

MHAHKai4M^, OTHOCflLAaflCfl K npMCyTCTBMHD 

MnM OTcyTCTBMK) nocneAOBaTenbHOCTM 
oGyneHM^, Morna 6bi b BbiiuenpeAycMOTpeHHOM 
cnynae nepeAanw He none3HOM MHqbopMaijMM m 
M3BecTHOM 3apaHee ot npMeMHOM annapaTypbi b 
nacTb npocipaHCTBa, ocTaBneHHoro CBo6oAHbiM 
M3-3a OTcyTCTBMK nocneAOBaTenbHOCTM 
o6yHeHM5q, ^Bnsrrbcsi pe3ynbTaTOM Kop pen a 14^1/1 b 
npMeMHOM ycTpoMCTBe, npoM3BeAeHHOM Me>KAy 

3TOM MHCjD0pMai4MeM M COOTBeTCTByfOLi^eM 

nonyneHHOM MHcjDopMaL4neM. 

YKa3aHHa^ He none3Ha^ MHcf)opMai_|Mfi, 
nepeAaHHaa TaKMM o6pa30M, Morna 6bi b 
AanbHeMLiieM 6biTb onpeAeneHa c TeM, HToGbi 
pe3ynbTaT TaKOM Koppenai^MM 6bin MeTKO 
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BbiAeneH, b pe3ynbTaTe nero yKa3aHHa^ 
Koppen^L4na Bbinonhmnacb Ha ocHOBe yKa3aHHon 

MHCflOpMai^MM MnM MHCpOpMai^MM, B3?1TOM Ha 

nocneAOBaTenbHOCTM o6yHeHMfl. 

C TeM, HTo6bi npMHMMa^meMy ycTpoMCTBy , 
nonyHaioLneMy naKeTbi, noAroTOBneHHbie TaKMM 

06pa30M MHO>KMTenbHblM yGTpOMCTBOM 19, AaTb 

B03MO>KHOCTb 3HaTb b cnynae, KorAa 
nonyneHHbiM naKeT He coAep>KMT 
nocneAOBaTenbHOCTM o6yneHMfl MnM KorAa 
none3Haq MHcjDopMauMjR pa3Meu4eHa BMecTO 
3tom nocneAOBaTenbHOCTM o6yHeHM5q, npMpoAy 
norMHecKoro KaHana, 3aHMMaKDLi^ero b gtom 
cnynae npocTpaHCTBO, ocTaBneHHoe CBo6oAHbiM 
M3-3a OTcyTCTBMK nocneAOBaTenbHOCTM 

06yHeHMfl - B MHO>KMTenbHOe yCTpOMCTBO 19 
MO>KHO BBeCTM HeCKOnbKO ABOMHHblX 3neMeHTOM 

MnM "MeTOK", o6o3HaneHHbix E, b Hanane 
yKa3aHHoro ycTpoMCTBa, npMHeM yKa3aHHbie 
ABOMHHbie aneMeHTbi coxpaHfifOTCfi c TaKOM >Ke 
MHAHKai4MeM, a mx BenMHMHa, HanpMMep, TaiOKe 
3aAaeTcn cxeMOM ynpaBneHMfl 25. 

npMeMHoe oGopyAOBaHMe, noKa3aHHoe Ha 
c|DMr. 3, cooTBeTCTByeT - b KanecTBe npMMepa - 
cnynaHD, KorAa MHcjDopMai_|M?i "cpnara" F m 
"MeTKM" E BBeAeH a b nepeAany m BKnionaeT Ha 
BbixoAe M3 AeMOAyn^Topa 30, coeAMHeHHoro c 
npMHMMaioLAeM aHTeHHoPi 31: 

- cpeACTBa 32 Anfi M3BneMeHMFi 6"MHapHoro 
aneMeHTa MnM "ctDnara" F, 

- KOMMyTaTop 33, ynpaBnaeMbiM ABOMHHbiM 
sneMeHTOM F, ati^ nepei<nfOHeHMfl u,McjDpoBbix 
CMTHanoB, MAyi^MX ot ASMOAyn^Topa 30 m 

COOTBeTCTByiOLL^MX nonyHeHHOM MHCjDOpMai_|MM , 
MMHyc ABOMHHbiM aneMeHT F, Bbl6paHHblX 
cpeACTBaMM 32, Ana cpeACTB BbipaBHMBaHMH 34 
MnM np™o b cnynae OTcyTCTBMK 
nocneAOBaTenbHOCTM oSyneHMH MnM nepe3 
cpeACTBa 35 M3BneneHMfl nop^AKa KOMaHA 
o6yneHMfl b cnynae npMcyTCTBM^ 
nocneAOBaTenbHOCTM o6yHeHMfl, 

- cpeACTBa 36 ou,eHKM KaHana nepeAaHM, 
AeMCTBykDii^Me, HaHMHaa ot 
nocneAOBaTenbHOCTM obyneHMfl, M3BneneHHOM 
cpeACTBaMM 35, m nepeAafou^Me pe3ynbTaT 

yK33aHHOM OL^eHKM CpeACTBaM BbipaBHMBaHMfl 34 
(cpeACTBaM KOMMyTai^MM), 

cpeACTBa 37 Ann M3BneneHMfi 
MHCjDOpMai^MM, MCXOA^LAeM ot cpeACTB 
BbipaBHMBaHMfl (KOMMyTai4MM) 34, npMHeM 

ABOMHHbie aneMeHTbi MnM "sTMKeTKa" E 
yKa3biBaeT, k KaKOMy TMny non/inecKoro KaHana 
OTHOCMTca none3Haa MHCjDOpMai4M^, 
pa3MemeHHafl BMecTO nocneAOBaTenbHOCTM 
o6yneHMfl, 

- cpeACTBa ASMynbTMnneKCMpoBaHMfi 38 Ana 
pacnpeAeneHMfl MHcjDopMai^MM , nonyneHHOM ot 
cpeACTB 37 Me>KAy coBOKynHOCTbio MapujpyTOB 

06pa60TKM, Ka>KAblM M3 KOTOpblX COOTBeTCTByeT 

OAHOMy M3 norMHecKMX KaHanoB, noAne>KaLAMX 
npMeMy yKa3aHHOM npMeMHOM annapaTypoM 
(ApyrMMM, KaK yKa3aHO Bbime, neM KaHanbi 
FCCH, SCH m RACH, KOTOpbie He 
3aTparMBaioTCfl), m nMUJb oamh M3 KOTopbix Ana 
ynpomeHMfl noKa3aH 6onee noApoGHO (npMHeM 
ApyrMe KaHanbi noAo6Hbi). 

Ka>KAoe M3 cpeACTB 32, 35, 37 m 38 
c|DyHKi4MOHMpyeT noA ynpaBneHMeM TaKTOBoro 
reHepaTopa (cMHxporeHepaTopa) 39 
cornacoBaHHO c yKa3aHHOM CTpyKTypoM 
MynbTMnneKCHoro KaHana cbh3m c BpeMeHHbiM 
ynnoTHeHMeM m cpeACTBaMM 

AeMynbTMnneKCMpoBaHMfi 38, AeMCTByioii^MMM, 
KpoMe Toro, noA ynpaBneHMeM "MeTKM" E. 

Ka>KAbiM M3 yKa3aHHbix nyTeM o6pa6oTKM, 
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OTHOciRinnncfl k AaHHOMy JiorMHecKOMy KaHany, 
BKnfonaeT: 

- cpeACTBa 40 Ana BOCCTaHOBneHMfl 
KOAHpOBaHHblX MepeAyHDLUHXca OTIOKOB H3 
KOAnpoBaHHbix m nepeAyiOLAMXCfl cy66noKOB, 
nonyneHHbix c nepeMeHHOM" AnMHoPi, HM>Ke 
yKa3aHHbix cpeACTB 40 - KnaccMnecKMe 
cpeACTBa, BbinonHflHDmne cj^yHKLjMM , 
npoTHBonono>KHbie cjDyHKL^mM, BbinonH^eMbiM 
npn nepeflane, a MMeHHo: 

- cpeACTBa pa3AeneHMa 41, 

- cpeACTBa KaHaribHoro ASKOAnpoBaHMfl 42, 

- cpeACTBa ncxoAHoro AeKOAHpoBaHMfl 43. 

B npoTMBonono>KHOCTb KJiaccunecKOMy 
cnynaKO, KorAa BoccTaHOBneHne KOAnpoBaHHbix 
otiokob BbinonH?ieTca 1/13 cy66noKOB 

CjDUKCMpOBaHHOM ATlMHbl, CpeACTBa 40 AOJ1>KHbl 

AonoriHUTeribHO BKnionaTb oyqbepHoe 3Y 
(cnei^naribHO He noKa3aHHoe Ha nepTexe), 
no3BOJi?iK)LAee nornomaTb cyo'Aeo'MTbi, b 
nacTHOCTM, onaroAapa B03MO>KHOMy 
Mcnorib3OBaHHh0 npocTpaHCTBa, ocTaaneHHoro 
cBoSoAHbiM BHyTpn cjDH3MHecKoro KaHana H3-3a 
OTcyTCTBua nocneAOBaTenbHOCTH ooyneHMfl, 
MTo6bi nepeAaTb TyAa none3Hyjo MHCpopMai^Mio, 
OTHOc^myK)Cfl k MHOMy norMnecKOMy KaHany, 
neM KaHan, 3aHMMaioLAMPi ocTaTOK 3toi~o 
cf)H3M^ecKoro KaHana, npuneivi yKa3aHHbie 
cy6Ae6MTbi 3aTeM npucBanBaroT ApyroPi 
nornnecKMM KaHan. 

flaHHoe oycfcepHoe 3Y no3BonfleT, KpoMe 
Toro, b cnynae, KorAa none3Haa MHcjDopMai4M£i 
Aon>KHa 6biTb Bocnpon3BeAeHa npn npneivie 
MHcjDopMai^nn, nepeAaBaeMOM c nocTOAHHOM 
CKopocTbKD, coKpamaTb CBepxAeGMT 6naroAapa 
B03Mo>KHOMy ncnonb30BaHHfo npocTpaHCTBa, 
ocTaBneHHoro CBo6oAHbiM BHyTpM c|DM3MHecKoro 
KaHana nepeAaHM M3-3a OTcyTCTBua 
nocneAOBaTenbHOCTM ooyneHMfl, Ana nepeAaHM 
TyAa nonesHOM HHctDopMai^nn, OTHOcflmeMCfl k 
TOMy >Ke caMOMy nornnecKoiviy KaHany, hto m 
KaHan, 3aHMMatoiAMM ocTaTOK qbM3MnecKoro 
KaHana, npuneivi yKa3aHHaa CBepxcKopocTHaa 
nepeAana HHcjDopMai^MM caMa npucBanBaeT 
yKa3aHHbii?i nornMecKMM KaHan. 

B cnynae KaHana peneBoro CMmana 
noHH>KeHMe BbicoKOM CKopocTM nepeAann 
MHcjDopMai^nM CBepx A©6nTa, onaroAapa 
npucoeAHHeHMHD n 6mtob (c n, paBHbiM, 
HanpuMep, 26 npn pacciviaTpuBaeMOM 3Aecb 
npnivieHeHMn), moitio 6"bi b ApyroM MecTe 6biTb 
BbinonHeHO He cpeACTBaMM oycfcepHoro 3Y npn 
npneivie, a ycTpaHeHMeM npn nepeAane n 6htob, 
He 3HaMHMbix b onoKe, np^neM yKa3aHHbie n 
6htob oo'HapywMBaioTCfl, Hanpniwep, KaK 
TaKOBbie cpeACTBaMM o6Hapy>KBHMfl He peneBOM 
AeflTenbHOCTM, m 3aTeM nepeAaeraq 
coKpaLAeHHbiM 6noK. 

YKa3aHHbM coKpaLAeHHbiPi 6noK MO>KeT b 
p^A© cnynaeB coAep>KaTb HHAHKaTop, b kotopom 
6binn 6bi ycTpaHeHbi n 6mtob, HTo6bi 
MCTOHHMK-AeKOAep Mor npaBunbHO 

AenincfipoBaTb yMeHbiueHHbiM 6noK no 
n3BecTHOM TexHonornn. 

Oopwiyna M3o6peTeHMSi: 

1. CucTeivia nepeAaHM MHqbopMai^MM no 
M3MeHflKDLAeiviycfl bo BpeivieHM KaHany nepeAaHM 
TaKoro Tuna, no KOTopoiviy nepeAaeTcn bo BpeMfl 
nepeAaHM, KpoMe nepeAaBaeMOM none3HOM 
MHcjDopiviaL^HM, MHcjDopMai^Mfl, Ha3biBaeMaa 
o6ynaK)U4ePi MHcjDopiviaL4MeM, KOTopaa no3Bon^eT 
ocyLAecTBHTb npn npneiwe oi^eHKy yKa3aHHoro 
KaHana nepeAa^n, OTnuMaKomaficfi TeM, mto 
bboa^t cpeACTBa a^^ oi4eHKH n3MeHeHMPi 
KaHana nepeAann n cpeACTBa, 
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npeAHa3HaneHHbie Ana Toro, HTo6bi nepeAaBaTb 
wnw He nepeAaBaTb o6yHajoiAyK3 MHc|DopMaL4Mto b 
3aBncnMOCTH ot pe3ynbTaTa oi^eHKM M3MeHeHMM 
KaHana nepeAann. 

2. CucTeMa no n.1, OTnuHaHDLnaacsq TeM, hto 
ynoMFiHyTbie cpeACTBa Ann oi^eHKH n3MeHeHni?i 
yKa3aHHoro KaHana nepeAaHM coAepxaT 
cpeACTBa Ana oi4eHKH KanecTBa nepeAann m 
cpeACTBa Ana o6Hapy>KeHHfi yxyALueHMfl 
KanecTBa nepeAann TaKUM o6pa30M oi^eHeHHOM 
nepeAann. 

3. CucTeivia no n.1 , OTnuHafOLnaaca TeM, hto 
yKa3aHHbie cpeACTBa oueHKM n3MeHeHnw KaHana 
nepeAann coAep>KaT cpeACTBa ppn 
onpeAeneHM^ HCTeneHMfl onpeAeneHHoro 
BpeMeHM c MOMeHTa nocneAHetf nepeAann 
o6ynaK)LnePi MHcjDopMai^MM. 

4. CucTeMa no nio6oMy M3 nn.1 - 3, 
OTnMHafOLAaacfl TeM, hto OHa coAep>KMT KaHan, 
Ha3biBaeMbiM B03BpaTHbiM KaHanoM Ana 
nepeAann b HanpaBneHnn npweMa MHc|3opMaL4MM ! 
yKasbiBaioLAeM Ha HanMHMe MnM OTcyTCTBMe 
HeoGxoAMMOCTM nepeAaHM oCynaioLAeM 
MHqbopMai_|MM, b 33BMCMMOCTM ot pe3ynbTaTa 
oi^eHKM M3MeHeHMM KaHana nepeAann. 

5. CMCTeMa no nio6oMy M3 nn.1 - 4, 
OTnMHafOLAaflCfl TeM, hto OHa coAep>KMT 
AononHMTenbHO cpeACTBa nepeAaHM none3HOM 

MHCjDOpMai4MM BMeCTO OSyHafOLAeM MHCjDOpMaL4MM, 

b tom cnynae, KorAa TaKaa ooynaioLAafl 
MHc|DopMai4n^ He nepeAaeTC^. 

6. CMCTeMa no n.5, OTnMHafoiAaflca TeM, hto 
yKa3aHHa?i CMCTeMa nepeAaHM BbinonHeHa b 

BMAe CMCTeMbl c BpeMeHHbIM 

MynbTMnneKCMpoBaHMeM BceM coBOKynHOCTM 
KaHanoB, Ha3biBaeMbix qbMSMHecKMMM, Ka>KAbiM 

M3 KOTOpblX, B CBOIO OHepeAb, CC(DOpMMpOBaH C 

B03MO>KHOCTbto pa3AeneHMH bo BpeMeHM Me>KAy 
h ecKon b km m m KaHanaMM, Ha3biBaeMbiMM 
norMHecKMMM, a ooynafOLnafl MHqbopMai^Mfl 
saHMMaeT nMLUb nacTb cjDM3MHecKoro KaHana, 
npMHeM none3Haa MHcjDopMai^Ma, BBOAMMaa b 
c|DM3MHecKMM KaHan BMecTO oeynaKDLAeM 
MHcjDopMai4MM, b cnynae, KorAa TaKaa 
o6yHaioLAaa MHcfDopMai^Mfl He nepeAaeTcn, 
aBnaeTca none3HOM MHCpopMai^MeM, 
OTHOcamei?icfl k TOMy >Ke nornnecKOMy KaHany, 

HTO M KaHan, 3aHMMafOLAMM OCTaTOK 3Toro 

cf)M3HHecKoro KaHana. 

7. CMCTeMa no n.5, OTnMHafOLAancfi TeM, hto 
yKa3aHHa^ CMCTeMa BbinonHeHa b BMAe cwcreMbi 
c BpeMeHHbIM MynbTMnneKCMpoBaHMeM 
coBOKynHOCTM KaHanoB, Ha3biBaeMbix 

C|DM3MHeCKMMM, K3>KAblM M3 KOTOpblX, B CBOK) 
OHepeAb, CCjDOpMMpOBaH C B03MOXHOCTbtO 

pa3AeneHM^ bo BpeMeHM Me>KAy HecKonbKMMM 
KaHanaMM, Ha3biBaeMbiMM norMHecKMMM, a 
o6"yHafoi_i4aa MHcjDopMai4M5i 3aHMMaeT nniub nacTb 
cjDM3MHecKoro KaHana, npMHeM none3Haa 
MH<t>opMai4Mfl, BBOAHMa?i b cjDM3MHecKMM KaHan 
BMecTO oGynaioLAeM MHQbopMai4MM , b cnynae, 
KorAa TaKaa oeynaioLAafl MHcjDopMai4M5q He 
nepeAaeTca, flBnaeTca none3HOM 
MHqbopMai_|MeM, OTHOcaLAeMca k norMnecKOMy 
KaHany, KOTopbiM OTnMHaeTca ot KaHana, 
3aHMMafOLnero ocTaTOK 3Toro qbM3MHecKoro 
KaHana. 

8. CMCTeMa no nioSoMy M3 nn.6 m 7, 
OTnMHafOLAaflca TeM, hto OHa coa©P>kmt 
cpeACTBa KBaHTOBaHMfl none3HOM MHQbopMai4MM 

Ha OTpe3KM nepeMeHHOM AnMHbl B 3aBMCMMOCTM 

ot Toro, nepeAaeTCfi MnM He nepeAaeTca 
o6ynaK0LAaa MHcjDopMai^M^, a b cnynae, KorAa 
o6ynaKDLAaa MHcf)opMai4Mq He nepeAaeTcs, to b 
3aBMCMMOCTM ot Mcnonb3QBaHMfl ynacTKOB, 
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CBoSoAHbix ot 3TOM ooynaioiAeM MHcjDopMannn, 
npn otom npn npneivie npeflycMOTpeHbi 
cpeACTBa Ana nomoineHHa B03HHKakDLHnx 

M3MGHeHMM CKopocTH nepeAanw MHqbopMaLJHLI. 

9. CucTeivia no n«6oMy H3 nn.1 - 8, 

OTJ1MHaK)LHaflC5R TGM , HTO OHa COAep>KMT 

cpeACTBa Ana bboas npn npneivie HHcjDopMai^nM , 
yKa3biBafOLAei?i, nepeAaeTca mjim He nepeAaeTca 
ooynaioLAaa MHC^opMai^Mfl b 3aBncnMOCTH ot 
pe3yribTaTOB oi^eHKH H3MeHeHHM KaHana 
nepeAanw. 

10. CucTeivia no nfoo"oMy H3 nn.6 - 8, 
OTnHHafOLLjaaca TeM, hto OHa coa©P>kmt 
cpeACTBa Ana BBOAa npw nepeAane 
MHC^opMai^nn, yKa3biBaK)Lnei?i bha nornMecKoro 
KaHana, k KOTopoMy OTHOCHTca none3Haa 
MHcjDopMaL^na, nepeAaHHaa BMecTO oGyHaiometi 
MHcjDopMai^nM, b cnynae, KorAa TaKaa 
oGynaNDLAajq MHcfcopMauwa He nepeAaeTca. 

1 1 . ripneMHoe ycTpowcTBO Ana CHCTeMbi 
nepeAanw no n. 1, coAep>t<aLAee cpeACTBa, 
npeAHa3HaneHHbie Ana BoccTaHOBneHna 
nepeAaHHOM none3HOM HHcfropMauwH, KOTopbie 
caMi/i coAep>KaT cpeACTBa Ana oi^eHKH KaHana 
nepeAann, ncxoAa M3 nonyneHHofi o6ynaK)Lnei7i 
MHcjDopMau.nM, m cpeACTBa Ana KOppeKTMpOBKH 
nonyneHHbix cnmanoB, cooTBeTCTByHDLi^nx 

none3HOPi MHCjDOpMaL^MH, B 3aBMCl>1MOCTH ot stom 

oueHKM KaHana nepeAann, OTnHHaromeeca TeM, 
hto oho coAep>KMT cpeACTBa Ana oi4eHKM 
M3MeHeHHM KaHana nepeAann, no3BonafOLU,we 
ynpaBnaTb npn nepeAane onpeAeneHMeM 
Heo6xoAHMOCTM nepeAaBaTb nnn He 
nepeAaBaTb ooynaKDinyK) HHqbopMai^wo b 

3aBHCMMOCTM OT pe3ynbT3Ta OL^eHKH H3MeHeHMCl 

KaHana nepeAann. 

12. ripueMHoe ycTpoMCTBO no n.11, 
OTnMHaHDLAeeca TeM, hto nonyneHHaa none3Haa 
MHcjDopMai^na pa36nBaeTca Ha OTpe3KM 
nepeMeHHOM AnnHbi b 3aBMCHMOCTi/i ot Toro, 
nepeAaeTca nnn He nepeAaeTca oGynafomaa 

MHCj^OpMai^Mfl, B 3aBMCMMOCTM OT HCnonb30BaHMfl 

ynacTKOB, CBoGoAHbix b pe3ynbTaTe Toro, hto 
ohh He ncnonb30BaHbi Ana nepeAann 
ooyHaromeM MHcjDopMaL^MM, a yKasaHHbie 
cpeACTBa Ana BoccTaHOBneHna nepeAaHHOM 
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none3Hofi HHqbopMai4HM coAep>KaT, KpoMe Toro, 
cpeACTBa Ana nornomeHMSR H3MeHeHHM CKopocTH 
nepeAanw MHcjDopMau.nn, Bbi3BaHHbix TeM, hto 
nonyneHHaa HHqtiopMai^na pa36nTa Ha OTpe3KH 
nepeMeHHofi AnnHbi. 

13. npweMHoe ycTpoMCTBO no n.12, 
OTnMHafOLU,eeca TeM, hto era ncnonb3yKDT b 
cucTeMe paAnocBa3n c noABH>KHbiMki oo~-beKTaMH 
Tuna GSM, npw otom yKa3aHHbie OTpe3KM 
cocTaBnaHDT HHcjDopMai^noHHbie o6-beKTbi, 
Ha3biBaeMbie cy66noKaMM. 

14. nepeAafOLnee ycTpoMCTBO Ana cucTeMbi 
nepeAann no n.1, coAep>KaLAee cpeACTBa Ana 
reHepupoBaHna nepeAaBaeMofi none3How 
MHcjDopMaL^nn, cpeACTBa Ana reHepupoBaHna 
o6yHafOLi^eCi HHcjDopMai^nM m cpeACTBa Ana 
Bbioopa nno"o nonesHOM HHqbopMai4MM ; 
nocTynnBLuePi ot yKa3aHHbix cpeACTB Ana 
reHepupoBaHna nepeAaBaeMofi none3How 
MHQbopMai4HM, nM6o o6ynaK)LAeti HHqbopMauHH, 
nocTynnBLLieki ot cpeACTB Ana reHepMpoBaHna 
ooynafOLAew HHcjDopMaijMH, OTnuHaiomeeca TeM, 
hto oho coAep>KHT cpeACTBa Ana ynpaBneHwa 
cpeACTBaMM Bbi6opa TaKUM o6pa30M, HTo6bi 
nepeAaBaTb nnn He nepeAaBaTb yKa3aHHyio 
o6yHaK3L4yro HHQbopMai4HK) b 3aBMCMMOCTM ot 
pe3ynbTaTOB oi^eHKM n3MeHeHMM nepeAarau^ero 
KaHana. 

15. riepeAafOLnee ycTpoPicTBO no n. 14, 
OTnunafOLAeeca TeM, hto yKa3aHHbie cpeACTBa 
Ana reHepupoBaHna nepeAaBaeMOM none3HOM 
MHcjDopMai4HM coAep>KaT cpeACTBa pa36nBKM 
noAneKameCi nepeAane none3How MHCpopMai^MM 
Ha OTpe3KH nepeMeHHOM AnnHbi b 3aBMCMMOCTH 
ot Toro, nepeAaeTca nnn He nepeAaeTca 
o6yHaiOLi^aa HHqbopMai^Ma, b cnynae, KorAa 
oGynaioLnaa MHcjDopMai^na He nepeAaeTca, to b 
33BMCHMOCTM ot Mcnonb30BaHna ynacTKOB, 
CBoGoAHbix b pe3ynbTaTe Toro, hto o^ynafomaa 
HHc|3opMai4n^ He nepeAaeTca. 

16. riepeAatoLAee ycTpowcTBO no n.15, 
oTnuHafouj^eeca TeM, hto era wcnonb3yKDT b 
cucTeMe paAnocBa3n c noABH>KHbiMM o6"beKTaMH 
Tuna GSM, npn stom yKa3aHHbie OTpe3KM 
cocTaBnaK)T MHcjDopMai^noHHbie o6-beKTbi, 
Ha3biBaeMbie cy66noKaMM. 
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Abstract of RU 2168278 (C2) 

Translate this text 



cellular CDMA communication systems. SUBSTANCE: invention specifically refers 
to methods and algorithms of unrestricted access of subscribers of mobile station to 
communication channel. Enhanced efficiency of procedure of unrestricted access 
thanks to increased probability of successful access with decreased power of test 
as well as reduced probability of overlapping of signals from subscribers 
accidentally falling into one and same channel of access is achieved due to 
transmission of signal preamble only in the course of sequence of intervals spread 
in time. Mobile subscribers select randomly one of such sequences before start of 
transmission. Transmission of preamble in the course of spread time intervals 
makes it possible, firstly, to compensate for effect of fading increasing by this 
probability of detection of signal with same power, secondly, to distinguish 
preambles from different subscribers and to avoid " collision " of signals from 
different subscribers by usage of this information. Insertion of time interval of waiting 
between preamble and capsule of access enables excessive power of signal 
transmitted during time of access to be reduced. Proposed method takes into 
account length of transmitted message while selecting channel of access at mobile 
station which makes it feasible to multiplex messages at mobile station dividing 
them among different channels and raising by this efficiency of usage of 
communication channels. EFFECT: enhanced efficiency of procedure of 
unrestricted access. 9 dwg 
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(54) CnOCOB nPOM3BOJlbHOrO flOCTYriA ABOHEHTOB MOBMJlbHOM CTAHL4MM 



(57) 

H306peTeHHe OTHOCMTCfl K COTOBbIM 

cucTeMaM CBA3L/1 CDMA, b MacTHOCTH k cnoco6aM 
n anropnTMaM npon3BonbHoro AOCTyna 
a6oHeHTOB Mo6nribHOM CTaHUjMM (MC) k KaHany 
cbh3h. TexHMHecKMM pe3ynbTaT - noBbiLueHne 
sqbqbeKTMBHOCTi/i npou,eAypbi npon3BoribHoro 
flocTyna 3a cneT noBbiLueHkm BepoflTHOCTM 
ycneujHoro .qocTyna npn cHM>KeHHM mou^hocth 
npo6bi, a TaioKe CHMweHMH BeposTTHOCTM 
nepeKpbiTMSR cnmanoB ot a6oHeHTOB, cnynaMHO 
nonaBLUnx b oamh m tot >Ke KaHan flOCTYriA. 
TexHMHecKMM pe3ynbTaT AOCTuraeTca 3a cneT 
Toro, hto nepeflaMa cumana npeaM6yribi 
nponcxoflMT ToribKO b TeneHne 

nocneflOBaTenbHOCTM pa3HeceHHbix bo BpeivieHi/i 
HHTepBanoB, npMHeM nepefl HananoM nepeAaHH 
Mo6nribHbie a6oHeHTbi cjiyHafiHbiM o6pa30M 
Bbi6npaK)T oflHy H3 TaKnx nocneAOBaTeribHOCTePi. 
flepeAana npeaivi6ynbi b TeneHne pa3HeceHHbix 



BpeivieHHbix HHTepBanoB no3BonfleT, BO-nepBbix, 
KOMneHCM poBaTb Bfin^Hne cjDeAMHra m TeM 
caMbiM yBenuMMTb Bepo^THOCTb o6Hapy>KeHH?i 

npM TOM >Ke MOLUHOCTH CMmaJia, BO-BTOpblX, 

OTnunaTb npeaivi6ynbi ot pa3nnHHbix 
nonb30BaTeneM m, wcnonb3yfl 3Ty HHC^)opMai4MKD, 
ycTpaH^Tb "cToriKHOBeHMq" curHanoB ot 
pa3HMHHbix nonb30BaTenefi. BBeA©Hne 
BpeMeHHoro MHTepBana owwAaHkm Me^y 
npeaivi6ynofi v\ KancynoM flOCTYriA no3BormeT 

COKpaTHTb M36blTOHHyHD MOLLJHOCTb CMmafia, 

nepeAaBaeivioro bo Bpeivm AOCTyna. KpoMe Toro, 
b 3aflBrmeMOM cnoco6e npn Bbi6ope KaHaria 
flOCTYriA Ha MC npeflnaraeTca ynnTbiBaTb 
AriMTeribHOCTb nepeAaBaeivioro coo6i_4eHHfl, hto 
no3BormeT Ha 6a30B0M CTaHi4MM "ynnoTHHTb" 
coo6LneHM5q, pa3Aerm* mx Me>KAy pa3JinHHbiMM 
KaHanaMM, noBbiLuaa TeM caMbiM 
sqbqbeKTMBHOCTb ncnonb30BaHi/m KaHanoB cba3m. 
9 mi. 
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(57) Abstract: 

FIELD: cellular CDMA communication 
systems. SUBSTANCE: invention specifically 
refers to methods and algorithms of 
unrestricted access of subscribers of mobile 
station to communication channel. Enhanced 
efficiency of procedure of unrestricted 
access thanks to increased probability of 
successful access with decreased power of 
test as well as reduced probability of 
overlapping of signals from subscribers 
accidentally falling into one and same 
channel of access is achieved due to 
transmission of signal preamble only in the 
course of sequence of intervals spread in 
time. Mobile subscribers select randomly one 
of such sequences before start of 
transmission. Transmission of preamble in 
the course of spread time intervals makes it 
possible, firstly, to compensate for effect 
of fading increasing by this probability of 
detection of signal with same power, 
secondly, to distinguish preambles from 
different subscribers and to avoid 
collision " of signals from different 
subscribers by usage of this information. 
Insertion of time interval of waiting 
between preamble and capsule of access 
enables excessive power of signal 
transmitted during time of access to be 
reduced. Proposed method takes into account 
length of transmitted message while 
selecting channel of access at mobile 
station which makes it feasible to multiplex 



messages at mobile station dividing them 
among different channels and raising by this 
efficiency of usage of communication 
channels. EFFECT: enhanced efficiency of 
procedure of unrestricted access. 9 dwg 
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M3o6peTeHne othocmtch k paflMOTexHMKe, a 
6onee KOHKpeTHO - k coTOBbiM cucTeiviaM CB5R3M 
CDMA, b nacTHOCTM k cnoco6aM m anropMTMaM 
npon3BoribHoro flociyna a6oHeHTOB Mo6mibHOM 
CTaHi4MM (MC) k KaHany cba3m. 

B cotobom cucTeivie cb9\3\a o6nacTb 
o6cny>KMBaHM5q a6oHeHTOB aeniAicn Ha 
noflo6nac™ - coTbi. Bhvtpm Ka>KflOM coTbi 
HaxoflMTca 6a30Baa CTaHU,Mfl (BC), 
o6cny>KMBaK)Lna?i a6oHeHTOB, HaxoAfliUMXCH 

BHyTpM COTbl. B CMCTeMaX CB5R3M CDMA 
pa3nMHHbie KaHailbl CBH3M OTnMHaKTTCfl curHanoM 

AJiMHHoro KOfla, pacLUnp^fOLi^ero cneKTp 
ncxoflHoro BbicoKonacTOTHoro curHana. flna 
o6ecneHeHnsq bncokom eMKOCTM CMdeMbi cbh3m 
flnnHHbM KOfl flon>KeH o6naflaTb xopoLUMMH 

KOppenflUMOHHbIMM CBOMCTBaMU, T.e. 

o6ecneHMBaTb hm3kmm ypoBeHb Koppenflu,MM npn 
HeHyneBOM BpeivieHHOM cflBure Me>Kfly AsyMfl 

MfleHTMHHbIMM CMTHanaMM, a TaiOKe HM3KMM 

ypoBeHb KoppenauMM Me>KAy pa3nnHHbiMM 
cumanaMM. KonnHecTBO TaKnx CMmanoB, a 
cneflOBaTeribHO, m hmcjio KaHanoB orpaHnneHO. 
flnjq Toro HTo6bi nony^MTb AOCTyn k oflHOMy 

M3 KaHariOB CBA3M flaHHOM COTbl Mo6nnbHbiM 

nonb30BaTenb BbinonhmeT npoqeflypy 
npon3BoribHoro .qocTyna, u,enb kotopom 
npoMHcjDopMMpoBaTb BC o 3anpoce Ha 
o6cny>KMBaHMe m nonyHMTb ot Hee Heo6xoflMMyra 
HHc(3opMaqMK) flnsq flanbHeMLuero o6cny>KMBaHMfl. 
flna BbinonHeHM5q npoi_\e,qypbi npon3BonbHoro 
flocTyna b cucTeivie cb?13h noMUMO 
MHcjDopMai^noHHbix KaHanoB cyLnecTByeT Ha6op 
cnei^nanbHbix o6paTHbix KaHanoB flOCTYriA, 

Ka>KflOMy M3 KOTOpblX COOTBeTCTByeT 

onpefleneHHbiM .qriMHHbiM koa. 

flo BbinoriHeHMfi npou,eAypbi flOCTYIlA 

M06nJlbHblM a60HeHT BXOflMT B pe>KMM 

CMHxpoHM3aqnM c cucTeMOM eflMHoro BpeivieHM. 
flnsq 3tom uenM cny>KaT cumaribi nunoT-KaHana h 
KaHana CMHxpoHM3au,MM, nepeflaBaeMbie ot BC. 
riocne 3Toro MC nonynaeT no oflHOMy v\z 
KOHTponbHbix KaHanoB HHctDopMai^MK) o KaHanax 
flOCTYriA, npeflocTaBnsqeMbix CMCTeMOM. Ilepefl 
BbinoriHeHneM npoi_\eflypbi flOCTYIlA 

Mo6mibHbiM a6oHeHT Bbi6npaeT cnynaMHbiM 
o6pa30B KaHan flocTyna m Ha^MHaeT BbinonHHTb 
npoLjeflypy npoM3BonbHoro flocTyna. npou,eAypa 
flOCTYriA coctomt b nocneflOBaTenbHOM 
nepeflane cumanoB, Ha3biBaeMbix npo6aMM 
flOCTYnA. 

ripo6bi flOCTYriA nepeAaKrrcfl ao MOMeHTa 
nonyneHMfl OTBeTHoro coo6LneHMfl ot BC, 
KOTopoe OHa nepeflaeT nocne o6Hapy>KeHnsq m 
AeMOAynai4HM oahom M3 npoo". 

Oahom M3 npo6neM npon3BonbHoro AOCTyna 
nBnneicn npo6neMa "cTonKHOBeHMfl" cumanoB 
ot pa3HMHHbix a6oHeHTOB. 3to ABneHne CBH3aHO 
c BepoflTHOCTbio OAHOBpeMeHHoro nonaflaHnsq 
HecKonbKkix a6oHeHTOB b oamh m tot >Ke KaHan 
flOCTynA. npn nepeKpbiTMM bo BpeivieHM 
cumanoB ot TaKnx a6oHeHTOB A©MOAynflTop BC 
He BcerAa Mo>KeT pa3flennTb stm cumanbi. I~lpn 

3TOM 3HaHMTenbHO yBeflMHHBaeTCfl BepOflTHOCTb 

HeyAann flocTyna Rnn Ka>KAoro H3 aooHeHTOB. 

Oahmm M3 B03MO>KHbix cnoco6oB peujeHMfl 
3tom npo6neMbi HBrmeTCH yBerinMeHne 
KoriMMecTBa KaHanoB flOCTYriA, KOTopoe 

npMBOflMT K CHM>KeHMK) BepO?1THOCTM flBneHMfl 

"cTonKHOBeHM5q". TaKoe peujeHne Henb35i 
npnivieHMTb npM BbicoKoPi CTeneHM 3arpy3KM, to 
ecTb npn 6onbLUOM KonnnecTBe a6oHeHTOB b 
coTe, nocKoribKy KonnMecTBO KaHanoB flOCTYriA 
orpaHHHeHO. 

flpyruM M3BecTHbiM b npaKTMKe cnoco6oM 
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peLueHMH npo6neMbi HBrmeTCH BBefleHne 
npeAHaiviepeHHOM cnynaMHOM 3aAep>KKM npn 
nepeAa^e cumanoB flOCTYriA ot MC k BC (cm. 
naTeHT EP 0639899 "Random access 
communication method by use of CDMA, and 
system for mobile stations which use the 
method" [1] n flew ctb y k> lam m CTaHAapT TIA/EIA 
IS-95 - Mobile Station-Base Station 
Compatibility Standard for Dual -Mode 
Wideband Spread -Spectrum Cellular Systems. 
Telecommunication Industry Association, July 
1993, [2]). BBeAeHkie npeAHaiviepeHHOM 
cnynaMHOM 3aflep>KKM CHM>KaeT Bepo^THOCTb 
flBneHMfl "cTonKHOBeHna" cumarioB. OAHaKO sto 
npMBOAMT k yBeriMHeHMKD BpeivieHM noMCKa npo6bi 
Ha BC m CHM>KeHMK> BepoflTHOCTM ee 
npaBMnbHoro o6Hapy>KeHM5q, TaK KaK o6nacTb 
HeonpeAeneHHOCTM noMCKa npo6bi 

yBenMHMBaeTCfl. 3to yBeriMHeHMe oco6eHHO 
3HaHMTenbHO npM nepexoAe k 6onee BbicoKOM 

MMnOBOM CKOpOCTM B HOBblX CMCTeMaX CBA3M 

CDMA, nocKonbKy npM yBenMHeHMM HMnoBOM 
ckopoctm pa3HeceHMe CMmanoB bo BpeivieHM Ha 

OAMH M TOT >Ke BpeMeHHOM MHTepBail npMBOAMT K 

6onee 3HaMMTenbHOMy yBeriMHeHMHD o6nacTM 
HeonpeAeneHHOCTM, Bbipa>KeHHOM b HMnax. 

OflMH M3 CnOCOSOB CHM>KeHM51 BepO?1THOCTM 

OAHOBpeMeHHoro nonaAaHMfl HecKonbKMX 
norib30BaTeneM b oamh m tot we KaHan 
flOCTYriA npeAnoweH aMepM KaHCKOM 
TeneKOMMyHMKaUjMOHHOM KOMnaHMeM "KBariKOMM" 
(cm. US patent # 5673259, R.F. Quick, Random 
Access Communications Channel for Data 
Services, Qualcomm Inc. [3] ). C stom Ljeribio 
npeAnaraeTca oueHMBaTb ypoBeHb "noTpe6HOCTM 
b nonoce", KOTopa?i 3aBMCMT ot KonMHecTBa 
a6oHeHTOB, Hy>KAaKDLLiMXCfi b flOCTYriE m 
ckopoctm nepeAa^M MHctDopMai^MM a^^ Ka>KAoro 
a6oHeHTa. EcnM ypoBeHb "noTpeSHOCTM b 
nonoce" noAHMMaeTCfi Bbiiue nepBoro nopora, to 
An?i BbinonHeHM^i npoM3BonbHoro flocTyna 
HeKOTopbiM nonb30BaTen5iM npeAOCTaBn^eTC^ 
BbiAeneHHbiM MHcjDopMaLiMOHHbiM KaHan. EcnM 
ypoBeHb "noTpe6HOCTM b nonoce" naqaeT HM>Ke 
BToporo nopora, to AOCTyn BceMM 
nonb30BaTen?iMM CHOBa ocyu^ecTBnfieTCfi TonbKO 
no KaHany cny^aMHoro AOCTyna. Be3ycnoBHO, 
AaHHoe peiueHMe npMBeAeT k CHMweHMio 

BepO^THOCTM "CTOnKHOBeHM^" CMmanoB M 

o6LLieMy noBbiLueHMK) scjDcjDeKTM bhoctm AOCTyna. 
OAHaKO npM nepexoAe nacTM nonb30BaTeneM b 
BbiAeneHHbiM o6cny>KM BaHMJi KaHan 

yxyALuaeTC5q KanecTBO cb?13m a^^ ocHOBHbix 
nonb30BaTeneM BbiAeneHHoro Ana 
o6cny>KMBaHMfl KaHana. 

flpyroM npo6neMOM npoM3BonbHoro AOCTyna 
^BnaeTcq noBbiujeHMe ypoBHsq noMex b CMCTeMe 
3a c^eT bncokom aKTMBHocTM a6oHeHTOB KaHanoB 
flOCTYriA. OcHOBHbiM cnoco6oM peiueHM^ 3tom 
npo6neMbi ABnaeTCfi noBbiujeHMe 
scjDcjDeKTMBHOCTM npoi4eAypbi flOCTYriA, KOTopoe 
coctomt b noBbiLueHMM Bepo^THOCTM vcneiuHoro 
AOCTyna npM MMHMManbHO bo3Mo>khom mollihoctm 
CMrHana flocTyna. 

B naTeHTe, nonyneHHOM KOMnaHMeM 
"OpMKCCOH" (cm. US patent #5295152, B. 
Gundmundson, B. Parssons, "TDMA for mobile 
access in a CDMA system". Ericsson lnc.)[4], 
npeAnaraeTca MeTOA BpeMeHHoro pa3AeneHMfi 
CMmanoB KaHana flOCTYriA m flpyrMX o6paTHbix 
KaHanoB. l~lpM stom a^^ BbinonHeHMfl 
npoM3BonbHoro flOCTYriA BbiAenflK)TC5q 
cnei_\ManbHbie BpeMeHHbie MHTepBanbi, 
noBTopaioLAMecfl nepe3 onpeAeneHHoe BpeMfl. 
flepeAana AaHHbix nonb30BaTen5q m 
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KOHTponbHbix flaHHbix no flpyrMM o6paTHbiM 
KaHanaivi npoM3BOflMTC* BHe stmx BpeivieHHbix 
HHTepBanoB. ripn stom ypoBeHb noiviex, Kcrropbie 
co3flaK)TC?i KaHanoM flOCTYriA flna flpyrux 
KaHanoB, npaKTMnecKM cboamtc* k Hynro 

He3aBMCMMO OT CTeneHM aKTMBHOCTM a60HeHTOB 

KaHana flOCTYriA. 

HeflocTaTOK TaKoro peLueHna b tom, hto 
orpaHnneHne BpeMeHM flocTyna npMBOflMT k 

yBeJIMHGHMKD BepOflTHOCTl/l HBneHMH 

"cToriKHOBeHM5q" CMmanoB, to ecTb 
oflHOBpeivieHHoro nonaflaHMfl HecKonbKnx 
nonb30BaTeneM b oamh m tot >Ke KaHan 
flOCTYriA. 

B ony6nnKOBaHHoPi MemflyHapoflHoPi 3aflBKe, 
TaioKe npMHaflnemameM KOMnaHMM "OpuKccoH" 
(cm. WO 9818280, "Random access in a mobile 
telecommunications system", Ericsson Telefon 
AB L M)[5], onucaH cnoco6, KOTopbiM noBbiiuaeT 
sqbqbeKTMBHOCTb flOCTYriA 3a cneT 
ncnonb30BaHM5q npeaivi6yji MHflMBMflyanbHoro 
BMfla n/m Kamflofi MC. Kamflaa MC npn flocTyne 
nepeflaeT npeaivi6yny c nHflnBMflyanbHbiM 
TonbKO efi npncyu4MM "y3opoivi". ripuneM 
ncnonb3yeMbie Tunbi npeaM6yn MMeioT BbicoKne 
Koppen^iUjMOHHbie CBOMCTBa. flaHHoe peujeHne 
no3BonaeT BC pa3flennTb CMnnanbi cooSmeHMM 
flOCTYriA ot pa3JiMHHbix a6oHeHTOB, flame b 
cnynae, Korfla stm cMmanbi npuxoflSRT no oflHOMy 
n TOMy >Ke KaHany flOCTYriA oflHOBpeivieHHO. 
ripo6a coctomt H3 npeaivi6ynbi, KopoTKofi 
Kancynbi, b kotopom coflepmMTCfl TonbKO caMaa 
HeoGxoflMMasq MAeHTMCpMKauMM MHcjDopMaqua 
m ocTaribHOM nacTM Kancynbi, KOTopaa 
nepeflaeTC?i TonbKO b cnynae nonyneHM* 
cooTBeTCTByjomero coo6Li\eHH5i ot BC. EcnM 
nepBaa nacTb npo6bi o6Hapy>KeHa npaBunbHO, to 
BC nocbinaeT flaHHoPi MC coo6meHwe o tom, b 
KaKOM KaHane ew nepeflaTb BTopyK) nacTb 
Kancynbi, coflepmaLneM ocHOBHyK) HHc)DopMai_\HK3, 
HeooxoflMMyio npn flOCTYIlE. 

flaHHoe npeflnomeHMe o6ecnenMBaeT 

SCjDCjDeKTMBHbIM flOCTYn, OflHaKO MMeeT 

cneflyKDmne HeflocTaTKM. 

ripn M3nyHeHMM npeaM6ynbi m nepBofi nacTM 
Kancynbi pacxoflyeTca mhoi~o SHepn/m m 
co3flaeTCfi noMexa flna flpyrux nonb30BaTenew. 
ripuHeM, ecnn noncK nepBOM nacTM npo6bi 6yfleT 
He ycneujeH, to nonynMTCfl, hto noMexa 
co3flaHa, a pe3ynbTaT He flocTumyT. BTopaa 
nacTb Kancynbi MO>KeT 6biTb npuH^Ta TonbKO ot 
Tex nonb30BaTenefi, flna KOTopbix XBaTMT 
CBo6oflHbix KaHanoB flOCTYriA. OcTanbHbiM 
nonb30BaTensqM nepeflaeTca coo6i_L^eHne 
"3aHJTTo", KOTopoe MHCTpyKTupyeT MC, Korfla 
ocyu^ecTBHTb nepeflany. HoBaa npo6a ot stmx 
MC CHOBa BKnioMaeT npeaM6yny m o6e nac™ 
Kancynbi, hto npMBOflMT k .qononHHTenbHOMy 
pacxofly 3Heprnn m co3flaeT noiviexy. 

Han6onee 6nn3KMM k npeflnaraeMOMy 
cnoco6y flocTyna flBnaeTCfl cnoco6, onucaHHbiM 
b npeflnomeHHOM Qualcomm Inc. CTaHflapTe 
IS-95 cotobom cucTeMbi cbh3m CDMA [2] . Oh 
3aKnKDHaeTC5q b tom, hto Ha MC, 
ocyLnecTBnfiHDLneM flocTyn b CMCTeMy cbh3m, 
BbinonH^KDT cneflyKJLflyio nocneflOBaTenbHOCTb 
onepaquki. 

1. CnynaMHbiM o6pa30M Bbi6npaKDT KaHan 
AocTyna. 

2. BbinonHJiKDT nonbiTKy flocTyna, fln5q 3Toro 
nepeflaraT nocneflOBaTenbHOCTb npo6 
flOCTYriA, Ka>Kfla5q M3 KOTopbix npeflCTaBn^eT 
cuman, cocto^ilumm M3 npeaM6ynbi m Kancynbi 
coo6LneHM?i, npkineM Hanano nepeflaHH Kancynbi 
coBnaflaeT c KOH140M nepeflann npeaMSynbi. 
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3. no OKOHHaHMM nepeflaHH Ka>KflOM M3 

nocneflOBaTenbHOCTeM npo6 flOCTYriA 
o>KMflaKDT OTBeTHoro coo6LneHM5q b TeneHMe 
BpeMeHHoro MHTepBana o>KMflaHM^. 

4. Ecnw b TeneHMe MHTepBana o>KMflaHMfl MC 
He nonynaeT OTBeTHoro coo6i_L^eHM5q, to 
HaHMHatoT nepeflany cneflyKDU^eM npo6bi 
flOCTYriA, npuineM MOLUHOCTb npo6bi 
yBenMHMBaKOT Ha onpefleneHHyto BenMHMHy. 

5. EcnM b TeneHMe onpefleneHHoro 
MHTepBana nonynaioT OTBeTHoe coo6LfleHMe, to 
nepexofl^T b pe>KMM cb?13m no Ha3HaneHHOMy 
KaHany, m TeM caMbiM 3aKaHHM BaioT npoqeflypy 
flOCTYnA. 

6. rioflCHMTbiBaKDT KonMHecTBO npo6 
flOCTYriA, nepeflaHHbix MC bo BpeMfl 
npoi_\eflypbi, ecnM oho npeBbiujaeT HeKOTopoe 
3aflaHHoe HMcno, to npoi^eflypy flOCTYIIA 
TaioKe 3aKaHHMBaK)T. 

Bo BpeM5i npoueflypbi flocTyna Ha BC 
BbinonH?iK)T cneflyKDLflyHD nocneflOBaTenbHOCTb 
onepai_\MM. 

7. OcyLflecTBn?iK)T noMCK ckimanoB 
npeaM6ynbi KaHana flocTyna. 

8. ripM o6Hapy>KeHMM CMmana npeaM6ynbi 
fleMOflynnpyK)T coo6LL\eHM5q KaHana flOCTYIIA, 

9. riO OKOHHaHMM fleMOflyn^L\MM C006LfleHM51 

npoBep^KOT flocTOBepHocTb fleMOflynjii^MM Ha 
ocHOBaHMM onpefleneHHoro TecTa. EcnM TecT 
noflTBep>KflaeT npaBMnbHOCTb npMHHTMH 
coo6LL\eHM?i, to cjDopMMpyKDT m nepeflaraT 
cooSLfleHMe noflTBep>KfleHMfl flOCTYriA flna MC. 

OnMcaHHasq npou,eflypa npeflnonaraeT 
nepeflany coo6u^eHM^ cpa3y nocne nepeflaHM 
npeaM6ynbi He3aBMCMMO ot Toro, o6Hapy>KeHa 
MnM He o6Hapy>KeHa npeaM6yna. 
CooTBeTCTBytoLnafi CTpyKTypa npo6bi flOCTYriA, 
npeflCTaBneHa Ha qbMr. 2. l~lpM TaKOM CTpyKType 
npo6bi, ecnM noMCK npeaM6ynbi 3aKOHHMnc5q 
HeyflaHHO (c olum6kom npM oqeHKe 3aflep>KKM 
CMmana), to fleMOflyn^i^M^ 6yfleT npoM3BefleHa 
HenpaBMnbHO. CneflOBaTenbHO, Mou^HOCTb 
nepeflaHM Kancynbi coo6LfleHMsq pacxoflyeTcsq 
HanpacHO, npM stom co3flaeTCH noMexa flnfi 
ApyrMX nonb30BaTeneM. 

flame ecnM npeaM6yna o6Hapy>KeHa 
npaBMnbHO, to fleMOflynflLjMfl Kancynbi MomeT 
OKa3aTbc$q HeyflaHHOM M3-3a nepeKpbiTMq 
MHoronyneBbix npoqbMneM CMmanoB ot pa3Hbix 
nonb30BaTeneM, cnynaMHO BbiLueflLUMX no 
oflHOMy m TOMy me KaHany flocTyna. 3to 
npMBefleT k Heo6xoflM moctm nepeflaHM 
cneflyKDLneM npo6bi flOCTYriA m, 
CneflOBaTenbHO, flononHMTenbHOMy yBenMHeHMKO 
ypoBH^i noMex. 

3aflana, KOTopyjo peujaeT npeflnaraeMbiM 
cnoco6, 3aKnK0HaeTCfi b noBbiiueHMM 
Bepo^THOCTM ycneujHoro flocTyna npM CHMmeHMM 
moll^hoctm npo6bi, a TaioKe CHMmeHMM 

BepOflTHOCTM "CTOnKHOBeHMfl" CMTHanOB OT 

a6oHeHTOB, cnynaMHO nonaBLUMX b oamh m tot me 
KaHan flOCTYriA. 

ripMMeHeHMe flaHHoro peujeHMSR b cotobom 
CMCTeMe CBsq3M CDMA npMBeqeT k 
3HanMTenbHOMy CHMmeHMKO moll^hoctm noMex, 
co3flaBaeMbix nonb30BaTenaMM, 
ocyu^ecTBn^KDLUMMM flocTyn k CMCTeMe cba3m, m 
coKpau^eHMKD BpeMeHM flocTyna. 3to no3BonMT 

nOBblCMTb eMKOCTb CMCTeMbl M CHM3MTb 

noBpeMeHHyio a6oHeHTCKyK0 nnaTy 3a ycnyrM, 
npeflocTaBn^eMbie nonb30BaTenyiM. 

fln?i pei_ueHMfl stom 3aflanM b cnoco6 
npoM3BonbHoro flocTyna a6oHeHTOB MC, 
3aKmonatoLi4MMC5i b tom, hto Ha MC, 
ocymecTBnflKomeM flocTyn b CMCTeMy CB5q3M, 
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Bbi6nparaT KaHan flOCTYriA, BbinonHflioT 
nonbiTKy flOCTYriA, nepeAaBaa 
nocneflOBaienbHOCTb npo6 flOCTYriA, npi/ineM 
Ka>Kfla?i npo6a flOCTYriA co,qep>KMT npeaiviSyny, 
no OKOHHaHMM nepeflann Kancynbi OKHflaraT 
coo6LL4eHMq noATBep>KAeHMfl flOCTYriA b 
TeneHne onpeAeneHHoro BpeMeHHoro 

MHTepBana, ecnn He nonynaioT coo6LL\eHM5q 
noflTBep>KAeHM?i flOCTYriA, to noflCHMTbiBaKDT 
KoiiMHecTBO npo6 flOCTYriA, nepeAaHHbix MC 
bo BpeMsq npoi^eflypbi, ecnn oho npeBbiiuaeT 
HeKOTopoe 3aflaHHoe mmcho, to npoi_\eAypy 
flOCTYIlA 3aKaHHMBaK)T, b npoTMBHOM cnynae 
HaHMHaHDT nepeAany cneAyKomeM npo6bi, npuneivi 

MOLLJHOCTb npo6bl yBeflMHMBaKDT Ha 

onpefleneHHyra BerinnnHy, ecnM b Te^eHne 
onpeAeneHHoro HHTepBana BpeivieHU nonyHaKDT 
OTBeTHoe coo6LneHne, to nepexoA^T b pe>KMM 
CBA3M no Ha3HaneHHOMy KaHany, v\ TeM caMbiM 
3aKaHHMBaK)T npoijeflypy flOCTYIlA, bo BpeM* 
npoi_\eflypbi flocTyna Ha BC ocymecTBnsRHDT noncK 
cwmanoB npeaivi6ynbi KaHaria flocTyna, npn 
o6Hapy>KeHHM cumana npeaivi6yjibi 

fleMOflynnpyKDT coo6LneHnsq KaHana flOCTYriA, 
no OKOHHaHMM fleMOAynfli^MM coo6LneHHH 
npoBepatoT flocTOBepHOCTb fleMOflynsRi_\nn Ha 
ocHOBaHMM onpeAeneHHoro TecTa, ecnn TecT 
noflTBep>KAaeT npaBunbHocTb npMHHTMfl 
cooCmeHMsq, to c(DopMMpyK)T m nepeAaiOT 
coo6u^eHMe noATBep>KAeHMfl flOCTYriA p,nn MC, 
AononHMTeribHO bboa^t cneAyromne onepai_\nn: 
Ha MC KaHan AOCTyna Bbi6npaK)T b 3aBMCMMOCTH 
ot A^HTeribHOCTM coo6meHi/ifl flOCTYriA, npn 
nepeAane Ka>KAoPi npo6bi Bbi6npaK)T cny^aMHbiM 
o6pa30M bma npeaivi6ynbi, onpeAenaeMbifi 
nocneAOBaTeribHOCTbK) pa3HeceHHbix 
BpeivieHHbix MHTepBanoB nepeAann npeaivi6ynbi f 
nepeAaHDT cuman npeaM6ynbi b pa3HeceHHbix 

BpeMeHHblX MHTepBanaX, COOTBeTCTByKDLUMX 
AaHHOMy BMAy, OKHAaHDT ot BC OTBeTHoro 

coo6meHMfl o6Hapy>KeHM?i npeaivi6ynbi, ecnn He 
nonynaioT OTBeTHoro coo6meHHfl o6Hapy>KeHMfl 
npeaivi6ynbi, aApecoBaHHoro AaHHOMy a6oHeHTy, 
to noflCHMTbiBahOT KonnnecTBO npo6 flOCTYIlA, 
nepeAaHHbix MC bo BpeM5R npoi_\eAypbi, ecnn oho 
npeBbiiuaeT HeKOTopoe 3aAaHHoe HMcno, to 
npoi4eAypy flOCTYIlA 3aKaHMMBaK>T, b 
npoTMBHOM cnynae HaMMHaioT nepeAaMy 
cneAyHDLneM npo6bi, npuneivi MomHOCTb npo6bi 
yBennMUBatoT Ha onpefleneHHyto BennnnHy, ecnn 
nonynaioT aApecoBaHHoe AaHHOMy a6oHeHTy 
OTBeTHoe coo6u4eHne o6Hapy>KeHMH npeaM6ynbi 
c pa3peLueHneM nepeAann, to nocbinaKOT Ha BC 
Kancyny coo6meHMfl flOCTYIlA, ecnM nonynahOT 
aApecoBaHHoe AaHHOMy a6oHeHTy OTBeTHoe 
coo6LneHkie o6Hapy>KeHMfl npeaivi6ynbi c 
nepeaApecai4neM Ha ApyroPi KaHan flOCTYIlA m 
yKa3aHneM BpeMeHM nepeAann, to nepeAaiOT 
Kancyny coo6LneHMfl b nepeaApecoBaHHOM 
KaHane b yKa3aHHoe Bpeivifi, bo BpeMfl 
npoi4eAypbi AOCTyna Ha BC noncK CMmanoB 
npeaM6ynbi KaHana AOCTyna ocymecTBnflhDT flnq 
Ka>KAoro M3 bmaob, npuneivi o6Hapy>KeHMe 
cumana Ka>KAoro M3 bmaob npeaivi6ynbi 
paccMaTpuBaraT KaK o6Hapy>KeHne cumana no 
KpaPmeM Mepe OAHoro nonb30BaTena, 
onpeAenatoT ypoBHM o6Hapy>KeHHbix cumanoB, 
nepeAaHDT coo6Li\eHMsq, aApecoBaHHbie stum 
nonb30BaTen?iM, npuneivi b 3aBMCMMOCTM ot 
ypoBHeM cumanoB cooTBeTCTBy kdlam m 
nonb30BaTenfiM nepeAaroT nn6o OTBeTHoe 
coo6u^eHMe c pa3peLueHneM nepeAann b a^hhom 
KaHane flOCTYriA, nn6o coo6meHMe c 
nepeaflpecaqnePi Ha oamh M3 CBo6oAHbix 
KaHanoB flOCTYflA m yKa3aHMeM BpeivieHU 
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nepeAa^n Kancynbi coo6Li4eHM5R flOCTYriA, 
npuneivi Bbi6op CBo6oAHbix KaHanoB m BpeivieHU 
nepeAa^n Kancynbi onpeAenaioT b 3aBMCMMOCTH 
ot AnnTenbHOCTM coo6meHMfl. 

ripeAnaraeMbiM cnoco6 mo>kho onucaTb KaK 
nocneAOBaTenbHOCTb onepai4MM, a MMeHHO 
onepai_\MM Ha MC, ocyLAecTBn^raLneM AOCTyn b 
cucTeiviy cba3m: 

1. Bbi6npaiOT KaHan AOCTyna b 3aBMCMMOCTM 
ot AJiHTenbHOCTM cooGLi^eHMsq flOCTYriA. 

2. BbinonH^KDT nonbiTKy AOCTyna, nepeAaBasq 
nocneAOBaTenbHOCTb npo6 flOCTYriA, Ka>KAafl 
M3 KOTopbix coctout M3 npeaivi6ynbi nnn 
npeaivi6ynbi m Kancynbi coo6LneHMfl, 
pa3HeceHHbix no BpeMeHM. 

3. ripn nepeAane Ka>KAOM npo6bi Bbi6npaioT 
cnynaMHbiM o6pa30M bma npeaivi6ynbi, 
onpeAenaeMbiM nocneAOBaTenbHOCTbK) 
pa3HeceHHbix BpeivieHHbix MHTepBanoB nepeflann 
npeaivi6ynbi. 

4. riepeAaraT cuman npeaivi6ynbi b 
pa3HeceHHbix BpeivieHHbix HHTepBanax, 

COOTBBTCTByHDU4MX flaHHOMy BUfly. 

5. O>KMAaK0T OT BC OTBeTHoro C006LAeHM5R 
o6Hapy>KeHH5i npeaivi6ynbi. 

6. Ecnn He nonynaHDT OTBeTHoro coo6LneHH5q 
o6Hapy>KeHM5i npeaivi6ynbi, aApecoBaHHoro 
AaHHOMy a6oHeHTy, to noACHHTbiBaioT 
KonnMecTBO npo6 flOCTYriA, nepeAaHHbix MC 
bo BpeMfl npoqeAypbi, ecnn oho npeBbiLuaeT 
HeKOTopoe 3aAaHHoe nucno, to npoi_\eAypy 
flOCTYriA 3aKaHHMBaK0T, b npoTMBHOM cnynae 
HannHaKOT nepeflany cneAyKomeM npo6bi, npuneivi 
MOLAHOCTb npo6bi yBenuMMBaKOT Ha 
onpeAeneHHyK) BennnnHy. 

7. Ecnn nonynaKOT aApecoBaHHoe AaHHOMy 
a6oHeHTy OTBeTHoe coo6LAeHne o6Hapy>KeHna 
npeaivi6ynbi c pa3peLueHneivi nepeAaMM, to 
nocbinaKDT Ha BC Kancyny coo6ii^eHM5q 
flOCTYriA. 

8. Ecnn nonynaKOT aApecoBaHHoe AaHHOMy 
a6oHeHTy OTBeTHoe coo6LAeHne o6Hapy>KeHM?i 
npeaivi6ynbi c nepeaApecai^nePi Ha ApyroM KaHan 
flOCTYriA m yKa3aHne BpeivieHU nepeAann, to 
nepeAaKDT Kancyny coo6u^eHH5q b 
nepeaApecoBaHHOM KaHane b yKa3aHHoe Bpeis/m. 

9. no OKOHMaHMM nepeAaMM Kancynbi 
coo6i_i4eHMfl o>KMAaKDT coo6i_L^eHMjq 
noflTBep>KAeHM5q flOCTYriA b TeneHne 
onpeAeneHHoro BpeMeHHoro MHTepBana. 

10. Ecnn b TeneHne onpefleneHHoro 
BpeMeHHoro MHTepBana He nony^aroT 
coo6meHMfl noATBep>KAeHM5q flOCTYriA, to 
noflCHMTbiBaioT KonMHecTBO npo6 flOCTYriA, 
nepeAaHHbix MC bo BpeMa npoi_\eAypbi, ecnM oho 
npeBbiLuaeT HeKOTopoe 3aAaHHoe HMcno, to 
npoi4eAypy flOCTYriA 3aKaHHMBaK0T, b 
npoTMBHOM cnynae HanMHaiOT nepeAany 
cneAyKDLneM npo6bi, npMHeM Mou^HocTb npo6bi 
yBenMHMBaeTCJi Ha onpeAeneHHyio BenMHMHy. 

11. EcnM b TeneHMe onpeAeneHHoro 
MHTepBana nonynaKDT OTBeTHoe coo6meHMe, to 
nepexoA^T b pe>KMM CBfl3M no Ha3HaneHHOMy 
KaHany, m TeM caMbiM 3aKaHHM BaKOT npoL\eAypy 
flOCTYnA. 

Bo BpeMH npoi4eAypbi AOCTyna Ha BC 
BbinonHHHDT cneAyKOLAyKO nocneAOBaTenbHOCTb 
onepai_\MM: 

12. OcymecTBnflK>T noMCK CMmanoB 
npeaM6ynbi KaHana AOCTyna Ka>KAoro M3 bmaob, 
npumeM o6Hapy>KeHMe cumana Ka>Kqoro M3 bmaob 
npeaM6ynbi paccMaTpMBaraT KaK o6Hapy>KeHMe 
cumana no KpaMHeM Mepe OAHoro nonb30BaTena. 

13. OnpeAenaioT ypoBHM o6Hapy>KeHHbix 
CMmanoB. 
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14. nepeflaHDT coo6LfleHMfl, aflpecoBaHHbie 
3thm nonb30BaTermM, npuneivi b 3aBMCMMOCTM ot 
ypoBHGM CMmanoB cooTBeTCTBy kdlum m 
nonb30BaTenfiM nepeflaiOT: 

- nn6o OTBeTHoe coo6Li^eHne c pa3peiueHMeM 
nepeflaMM b flaHHOM KaHane flOCTYriA. 

- nn6o coo6meHne c nepeaflpecai_\MeM Ha 
oflMH M3 CBo6oflHbix KaHanoB flOCTYriA n 
yKa3aHneM BpeivieHM nepeflaHM Kancynbi 
coo6u^eHM5q flOCTYIlA, npuneivi Bbi6op 
CBo6oflHbix KaHanoB n BpeMeHM nepefla^M 
Kancynbi onpeflen?iK>T b 3aBMCMMOCTM ot 
AfiMTeribHOCTM coo6meHMfl. 

15. OcymecTBriflHDT fleMOflyn^MK) 
coo6ii4eHMM KaHanoB flOCTYriA, no OKOHHaHMM 

KOTOpOM npOBep^HDT flOCTOBepHOCTb 

fleMOflyn^MM Ha ocHOBaHnn onpefleneHHoro 
TecTa. Ecnn TecT noflTBep>KflaeT npaBMJibHocTb 

npMH^TMfl C006LHeHMSR, TO CjDOpMMpyHDT OTBeTHOe 

coo6Li^eHne nnn MC, ocyLflecTBnsiKomMX flocTyn. 
riepeneHb HepTewefi. 

Our. 1 - 6noK-cxeMa ycTpoficTBa p,nn 
peariM3ai4MM npeflnaraeMoro cnoco6a (npniviep). 

cj)nr. 2 - CTpyKTypa npo6bi flOCTYriA b 
npoTOTune. 

Our. 3 - CTpyKTypa npo6bi flOCTYriA b 
npeflnaraeMOM cnoco6e. 

Our. 4 - anropMTM pa6oTbi 6noKa 
c|3opMMpoBaHMa npeaM6ynbi. 

Our. 5 - BpeMeHHbie fluarpaiviMbi pa6oTbi 
KaHana flOCTYriA Ha EC. 

Our. 6 - npniviep peann3aL|MM 6noKa 
o6Hapy>KeHnsq cumana npeaM6ynbi. 

Our. 7 - npuMep ycTaHOBneHna OMepeflHoc™ 
nepefla^n coo6meHMM. 

Our. 8 - npniviep "cTonKHOBeHMfl" cumanoB 
ot flByx a6oHeHTOB b npoijecce npoM3BonbHoro 
AocTyna npn ncnonb30BaHnn 

cnoco6a-npoTOTnna. 

ct>nr. 9 - npniviep ycTpaHeHMH "cTonKHOBeHMfl" 
cumanoB ot flByx a6oHeHTOB b npoi_\ecce 
npon3BoribHoro flocTyna npn ncnonb30BaHnn 
3asqBnfieMoro cnoco6a. 

npuMep peanM3aL\MM 3aflBnaeMoro cnoco6a 

3a?iBnfleMbiM cnoco6 peariM30BaH c 
noMOLUbK) ycTpoficTBa, noKa3aHHoro Ha dpvir. 1, 
r,qe o6o3HaMeHo: 

1 - 6jiok 4)opMnpoBaHMjq coo6meHMa, 

2 - 6hok cjx>pMnpoBaHuifl npeaM6yribi, 

3 - 6hok 06-beflMHeHHfl, 

4 - reHepaTop ncn, 

5 - MOflyrmTop, 

6 - KaHan pacnpocTpaHeHna, 

7 - 6jiok oGHapyweHMfl cumana npeaM6ynbi, 

8 - fleMOflynsTTop, 

9 - 6jiok o6pa6oTKH cooGifleHMfl. 
riepeflaTMMK KaHana flocTyna Ha MC 

COflep>KMT 6nOK cfcopMMpOBaHMfl C006LHeHMSR 1 M 

6noK cfDopMMpoBaHMfl npeaM6ynbi 2, Bbixoflbi 
KOTopbix coeflMHeHbi c BxoflaMM 6noKa 
06-beflMHeHMfl 3. Bbixofl 6noKa o6-beflHHeHM« 3 
coeflMHeH c BxoflOM MOflynaTopa 5, BTopofi bxoa 
KOToporo coeflMHeH c BbixoflOM reHepaTopa l~ICn 
4. 

ripneMHMK KaHana flocTyna Ha 5C coflep>KMT 
6noK o6Hapy>KeHnq cumana npeaM6ynbi 7, c 
Bbixofla KOToporo cm man nocTynaeT Ha 
cjDopMMpoBaTenb coo6meHi/m nepeflaTHMKa EC, 
fleMOflyn^Top 8 m 6noK o6pa6oTKM cooGuneHM* 9, 

BXOfl KOTOporO COeflMHeH C BblXOflOM 

AeMOflynflTopa 8. Bxofl fleMOflyn^Topa 8 m bxoa 
6noKa o6Hapy>KeHM5q cumana npeaivi6ynbi 7 
o6"beflMHeHbi, m Ha o6"beflMHeHHbiM Bxofl CMman 
nocTynaeT nepe3 KaHan pacnpocTpaHeHMfl 6 c 
nepeflaTHMKa KaHana flocTyna Ha MC. 
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OnucaHHoe ycTpoPicTBO OTnuMaeTcsq ot 
M3BecTHoro ycTpoPicTBa peanMsai^MM 

cnoco6a-npoTOTMna BbinonHeHMeM 6noKOB 
cfcopMMpoBaHMfl npeaM6ynbi 2 m 6noKa 
oSHapyweHMfl npeaM6ynbi 7. 

C Mcnonb30BaHMeM onMcaHHoro ycTpoPicTBa 
MC BbinonH?ieT npoqeflypy flOCTYIIA. L[enb 
npoi_\e,qypbi flocTyna npoMHc|DopMM poBaTb EC o 
3anpoce Ha o6cny>KMBaHne v\ nonynnTb ot Hee 
Heo6xoflMMyK0 MHc|DopMai4MK) flnsq flanbHeMiuero 
o6cny>KMBaHM?i. f\nn BbinonHeHM5q npoi^eflypbi 
npoM3BonbHoro flocTyna b cucTeivie cb^3m CDMA 
noMMMO MHctDopiviaqMOHHbix KaHanoB cyi±\ecTByeT 
Ha6op cnei^nanbHbix o6paTHbix KaHanoB 
flOCTYriA, Ka>KflOMy M3 KOTopbix cooTBeTCTByeT 
onpefleneHHbiM flnnHHbiM KOfl. 

B COTOBOM CMCTeMe CB5q3M CDMA 

(npoTOTune) EC ocyLL^ecTBnfieT HenpepbiBHyra 
nepefla^y no nunoT- m CMHxpoKaHanaM cumanoB, 

Heo6xOflMMblX flna BXO>KfleHM5R MC b pe>KMM 
cnHxpoHMsaqnM c cucTeMOM eflMHoro BpeivieHU, a 
TaioKe nepnoflMMecKyKD nepeflany cny>Ke6Hbix 
coo6LneHMM no KaHany onoBeu4eHna nxi* 
nepefla^M MC cucTeMHOM HHc(DopMai4MM, b tom 
Hucne HHcjDopMai^nu o KonnHecTBe n napaivieTpax 
KaHanoB flOCTYriA. 

flo Hanana BbinonHeHUfi npoi^eflypbi flocTyna 

MC BXOflUT B pe>KMM CMHXpOHM3ai4HM C CMCTeMOM 

eflMHoro BpeivieHM. C stom i_\enbK) ncnonb3yKOTC5q 
cumanbi nunoT- n cnHxpoKaHanoB. 3aTeM MC no 
KaHany onoBeLL\eHM?i nonynaeT Heo6xoflMMyK) 
MHO>opMai4Mio o KonnnecTBe n napaivieTpax 
KaHanoB flOCTYriA, npeflocTaBn^eivibix flaHHoii 
6a30BoPi CTaHL\nePi. riocne 3Toro MC Bbi6npaeT 

OflMH M3 KaHanOB flOCTYriA. B COOTBeTCTBMM c 

3aflBn*ieMbiM cnoco6oM MC Bbi6op KaHana 
flocTyna ocHOBbiBaeTCfi Ha flnnTenbHOCTM 
coo6LneHkm, KOTopoe MC co6MpaeTC5q 
nepeflaBaTb. Hanpniviep, MC cnynaMHbiM 
o6pa30M Bbi6MpaeT KaHan M3 rpynnbi KaHanoB, 

COOTBeTCTByiOLL^eM flaHHOM flnMTenbHOCTM 

coo6u4eHM?i. Bbi6paB KaHan, MC cjDopMnpyeT 

COOTBeTCTBy HDU^M M flnMHHbIM KOfl, a TaioKe 

coo6LfleHMe flOCTYriA, KOTopoe coflep>KMT 

MHC(DOpMaL\MK), Heo6xOflMMytO EC fl/lfl 

MfleHTMCt3MKai4MM flaHHOM MC M Ha3HaneHMfi eM 
KaHana cb«3m. 3aTeM MC totobhtch k nepeflane 
npo6bi flOCTYriA. 

CTpyKTypa npo6bi flOCTYriA, 

cooTBeTCTByHDLi^asq 3a?iBnfleMOMy cnoco6y, 
npeflCTaBneHa Ha cjDnr. 3. ripeaivi6yna 
cjDopMMpyeTCfi m nepeflaeTca TonbKO b TeneHMe 
nocneflOBaTenbHOCTM MHTepBanoB, pa3HeceHHbix 
bo BpeivieHM. 

riocneflOBaTenbHOCTb MHTepBanoB nepeflaHM 
cumana bo BpeMfl npeaivi6ynbi o6pa3yeT 
onpefleneHHbiM bma npeaM6ynbi. OMeBMflHO, mto 

T3KMX BMflOB MO>KeT 6blTb HeCKOHbKO, CK3>KeM N. 

ripM onpefleneHMM BMfla npeaivi6ynbi mo>kho 
pyKOBOflCTBOBaTbca cneflyioLAMMM 
coo6pa>KeHM5iMM. flonycTMM, paflMyc coTbi 
cocTaBn?ieT 10 km. l~lpM stom MaKCMManbHoe 
3HaneHMe yflBoeHHOM 3aflep>KKM 

pacnpocTpaHeHM5q CMTHana b KaHane cocTaBnaeT 
0.067 ms. LLlMpMHy KycoHKa npeaivi6ynbi cneflyeT 
Bbi6paTb M3 ycnoBMfi » 0.067 ms, HanpMMep 
1.25 ms. ripM stom ycnoBMM npM npMeivie Ha EC 
MHTepBanbi nepeflaHM npeaivi6yn pa3nMHHbix 
BMflOB MoryT nepeKpbiTbCfi He 6onee neivi Ha 
0.067/1.25=5%. CneflOBaTenbHO, noBbiiueHMe 
ypoBHfl B33MMHOM Koppen^MMM Me>Kfly 
npeaivi6ynaMM pa3Horo BMfla cocTaBn?ieT He 
6onee neivi 5%. l~lycTb, HanpMMep, flnMTenbHOCTb 
npeaMSynbi cocTaBnaeT 3 c^peMMa npM 
flnMTenbHOCTM o>peMMa 10 ms. CneflOBaTenbHO, 
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Ha flnuHe npeaivi6ynbi yKnaflbiBaraTcsq 24 
"KycoHKa" npeaM6ynbi. EcnM npeaivi6yna oahom 

MC COCTOMT M3 4-X "KyCOHKOB", paBHOMepHO 

pa3MeLi^eHHbix no BceM flnuHe npeaM6ynbi, to Ha 
Bcefi flfiMHe npeaM6ynbi Mbi MO>KeM pa3MecTHTb 
6 bmaob npeaM6ynbi. npeaM6yribi pa3nnHHbix 
bmaob 6y,qyT OTnuMaTbcsq cabmtom bo BpeMeHM 
"KycoHKOB" OTHocMTsnbHo APyr flpyra (cm. cjDnr. 
3). 

riepefl HananoM nepeAann npeaivi6ynbi MC 
Bbi6npaeT cnyHaMHbiM o6pa30M oamh M3 N bmaob 
npeaivi6ynbi n 3anoMMHaeT Bbi6paHHbiM HOMep. 
AnropnTM pa6oTbi 6noKa c^opMnpoBaHM^ 
npeaM6ynbi 2 mo>kho npeflCTaBMTb TaK, KaK 
noKa3aHO Ha dpwr. 4. 

ripneMHMK KaHana flOCTYriA Ha EC 
ocyLi^ecTBn^eT noncK Ka>Kfloro M3 N bmaob 
npeaivi6ynbi. ripniviep BpeMeHHOM AHarpaMMbi 
pa6oTbi npneiviHMKa KaHana flOCTYriA H a EC 
npuBefleH Ha dpwv. 5. 

EcnM no OKOHHaHMM noncKa EC 
o6Hapy>KHBaeT cuman npeaivi6ynbi KaKoro-nn6o 
M3 N bmaob, to oHa nepeAaeT OTBeTHoe 
coo6LAeHne, aflpecoBaHHoe a6oHeHTaM, 

BblXOAflLAMM Ha CB?13b C AaHHbIM BH flOM 

npeaivi6ynbi. 

EC He nepeAaeT OTBeTHoro coo6LneHMfl, 
aApecoBaHHoro a6oHeHTaM, BbixoA^mMM Ha 
cB^3b c TeMM BMAaMM npeaM6yn, KOTopbie He 
o6Hapy>KeHbi no OKOHMaHMM noMCKa. 

AApecai_\M?i OTBeTHoro coo6LAeHMfl MO>KeT 
6biTb BbinonHeHa, HanpMMep, yKa3aHMeM b 

OTBeTHOM C006LAeHMM HOMepOB BMAOB 

npeaM6yn, KOTopbie EC o6Hapy>KMna, mjim 
KaKMM-nM6o ApyrMM cnoco6oM. 

A6oHeHTbi, He nonyHMBLUMe aflpecoBaHHoro 
mm coo6i_i4eHMfl, HaHMHaraT nepeqany npeaM6yribi 
cneAyHDLneM npo6bi flOCTYriA. l~lpM stom 
MOLAHOCTb npo6bi yBenMHMBaeTcyi, a bma 
npeaM6yribi CHOBa onpeAenaeTCfl cnyHaMHbiM 
o6pa30M. 

ripMMep peanM3ai4MM 6noKa o6Hapy>KeHMfl 
CMrHana npeaM6yribi npeACTaBneH Ha cfwr. 6, rAe 
o6o3HaneHo: cornacoBaHHbiM c(DMnbTp 10, 6hokm 
HaKonneHMfl 11, 6jiok npMHHTMH peweHMfl 12. 

Bxoahom cm man o6pa6aTbiBaeTCfi b 
cornacoBaHHOM o>MnbTpe 10. C BbixoAa 
cornacoBaHHoro cjDMnbTpa 10 cm man nocTynaeT 
Ha BXOAbi N 6noKOB HaKonneHMsq 11, Ka>KflbiM M3 
KOTopbix ocyLAecTBnjqeT HaKonneHMe CMmana Ha 
BpeMeHHbix MHTepBanax, cooTBeTCTByraLAMX 
AaHHOMy BMAy npeaM6ynbi. Pe3ynbTaT 
HaKonneHM* b Ka>KAOM 6noKe HaKonneHM* 1 1 
cpaBHMBaeTca c noporoM, npMHMMaeTC^ 
pei_ueHMe 06 o6Hapy>KeHM m npeaM6ynbi Ka>Kfloro 
M3 N bmaob b 6noKe npMH^TMfl peujeHMsq 12. EC 
3anoMMHaeT HOMepa o6Hapy>KeHHbix bmaob 
npeaM6ynbi m Mcnonb3yeT mx npM nepeAane 
OTBeTHoro coo6LneHMfl. 

EC MO>KeT ycTaHaBnMBaTb onepeAHOCTb 
nepeAa^M coo6meHMM flOCTYriA, nepeAaBaa 

COOTBeTCTByHDLAyK) MH($)OpMai4MK) B OTBeTHOM 

coo6u^eHMM. B 3a5qBn5ieMOM peiueHMM 
npeAycMOTpeHa B03M0>KH0CTb nepeAanM 
HecKonbKMX coo6meHMM ot pa3Hbix MC no 
OAHOMy KaHany AOCTyna b Te^eHMe OAHoro 
BpeMeHHoro cnoTa Apyr 3a ApyroM. flnfl Toro 
mto6n ocyLi^ecTBMTb TaKyio nepeAa^y BC flon>KHa 
oi_\eHMTb A^MTenbHOCTb npMxofl^LAMX 
coo6u4eHMM. C 3tom LjenbKO Bee KaHanbi AOCTyna 
nennicn Ha HecKonbKO rpynn, no AnMHe 
coo6u^eHM5q AOCTyna, nepeAaBaeMoro MC, 
HanpMMep, Ha TpM. 3HaneHMsq A^HTenbHOCTeM 
coo6u4eHMM, nepeAaBaeMbix b KaHanax k3>kaom 
rpynnbi OTHOCATCfl, HanpMMep, KaK 1:1.5:3. flpM 
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3tom aim Ha cnoTa KaHana AOCTyna Bcex rpynn 
onpeAenfleTca cyMMOM AiMTenbHOCTefi 
npeaM6ynbi, MHTepBana o>KMflaHMH m 
MaKCMManbHOM Kancynbi coo6iAeHMa. riepeA 
HananoM nepeAaHM npo6bi MC onpeAenaeT 
AnMTenbHOCTb CBoero coo6LneHMq m Bbi6MpaeT 
cooTBeTCTByraLAMM KaHan AOCTyna. HanpMMep, 
ecnM Kancyna coo6LL\eHM5q KaKOM-nM6o MC He 
npeBbiLuaeT oahom TpeTM ot MaKCMManbHOM 
AnMTenbHOCTM, to AaHHaa MC Bbi6MpaeT 
cnynaMHbiM o6pa30M oamh M3 KaHanoB AOCTyna 
nepBOM rpynnbi. EcnM Kancyna coo6LL\eHM5q MC 
He npeBbiixiaeT nonoBMHbi MaKCMManbHOM, to OHa 
Bbi6MpaeT oamh M3 KaHanoB flOCTYriA btopom 
rpynnbi, b npoTMBHOM cnynae MC Bbi6MpaeT 
KaHan M3 TpeTbeM rpynnbi. 

PacnpeAeneHMe KaHanoB no rpynnaM 
M3BecTHO Ha EC. TaKMM o6pa30M, EC 
pacnonaraeT MHO>opMai4MeM o CBo6oAHbix 
KaHanax AOCTyna m o A^MHe Kancynbi 
coo6LneHMfl, nepeAaBaeMoro MC c AaHHbiM 
bmaom npeaM6ynbi. Ha ocHOBaHMM 3TOM 
MHQ>opMai4MM EC cjDopMMpyeT OTBeTHOe 
coo6LAeHMe, aApecoBaHHoe a6oHeHTaM, 
o6Hapy>KeHHbiM npM noMCKe npeaM6ynbi. B 3tom 

C006LAeHMM aSOHeHTaM, MMeiOLAMM AaHHbIM BMfl 

npeaM6ynbi, cooGLnaeTca HOMep KaHana AOCTyna 
m BpeMa Hanana nepeAaHM Kancynbi coo6LneHMsq. 
npM 3tom b oahom KaHane MoryT nepeAaBaTbcn 

TpM COo6LAeHM?1, COOTBeTCTByHDLAMe nepBOM 

rpynne nnn ABa coo6LneHMfi, COOTBeTCTByHDLAMe 
btopom rpynne, MnM oaho coo6LneHMe, 
cooTBeTCTByKDinee TpeTbeui rpynne. 

Y coo6LAeHMM, nepeAaBaeMbix co 

3HaHMTenbHOM 3aAep>KKOM, MO>KeT npOM30MTM 

HapyiueHMe CMHxpoHM3aqMM, nosTOMy b cocTaB 
mx Kancynbi BKnraHaeTCfi KopoTKa^ npeaM6yna, 
KOTopasq npeAHa3HaneHa a^^ noMCKa CMmana b 
ManoM o6nacTM 3aAep>KeK, o6Hapy>KeHHbix npM 
nepeAa^e nepBOM npeaM6ynbi. 

ripMMep pa3MeLAeHMa coo6meHMM b KaHanax 
pa3nMHHbix rpynn npeACTaBneH Ha o>Mr. 7. B 
npMBeAeHHOM Ha c|DMr. 7 npMMepe b nepBOM 
cnoTe KaHana TpeTbeM rpynnbi nepeAaeTca oaho 
coo6LAeHMe TpeTbeM rpynnbi, a bo btopom cnoTe 
3Toro >Ke KaHana nepeAaK>TC?i TpM coo6Li\eHMfi 
nepBOM rpynnbi. B nepBOM cnoTe KaHana btopom 
rpynnbi nepeAaioTCfl ABa coo6LAeHM$q btopom 
rpynnbi, a bo btopom cnoTe 3Toro >Ke KaHana 
nepeAaeTca oaho coo^LneHMe TpeTbeM rpynnbi. B 
nepBOM cnoTe KaHana nepBOM rpynnbi 
nepeAaraTcq TpM coo6meHMfl nepBOM rpynnbi, a 
bo btopom cnoTe 3Toro >Ke KaHana nepeAaeTca 
oaho cooGLi^eHMe TpeTbeM rpynnbi. 

TaKMM o6pa30M, 3asiBnfieMoe pemeHMe 

n03BOn?ieT nOBblCMTb 3CjDC|DeKTMBHOCTb 

Mcnonb30BaHM5R KaHanoB AOCTyna. B npoTOTMne 
KonMnecTBO KaHanoB AOCTyna A°n>KHO 6biTb 
3HaHMTenbHO 6onbLUMM, HeM HMcno MC, 
BbixoAfiLAMX b scjDMp. B pe3ynbTaTe A^HHbiM 
pecypc pacxoAyeTca h©3c|dc|dgktmbho, noTOMy mto 
6onbLuyKD MacTb BpeMeHM p^A A^MOAyn^TopoB 
He ynacTByeT b pa6oTe. B to we BpeM* npM 
npMXOAe b oamh KaHan coodu^eHMM ot AByx MC 
stm MC co3AaHDT Apyr Apyry noMexy, hto 
npMBeAeT k nponycKy no KpaMHePi Mepe OAHoro 

M3 3TMX C006LAeHMM. llpMMep "CTOnKHOBeHMfl" 

cMmanoB ot AByx aSoHeHTOB b npoi_\ecce 
npoM3BonbHoro AOCTyna npM Mcnonb30BaHMM 
cnoco6a npoTOTMna noKa3aH Ha c(DMr. 8. 

B 3aflBnaeMOM cnoco6e A^ifi KaHanoB, b 
KOTopbie nonaAaKDT coo6LneHMsq ot AByx MC, 
npeAycMOTpeHa npoi_\eAypa pacnpeAeneHMfl no 
BceM CBo6oAHbiM KaHanaM flOCTYriA. llpM stom 
HaM6onee molahom MC pa3pei_uaeTCfl 
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nepeflaBaTb coo6Li^eHne b TeKyu^eM KaHane. flna 
ocTanbHbix MC MinyT CBo6oflHbie KaHanbi 
.qocTyna. I/I mx coo6LL\eHHJi nepeflaKrrcfl no stmm 
KaHanaM. B cnynae ecnn TaKnx KaHanoB He 
XBaTaeT, to b HeKOTopbix KaHanax nepeaaKDTCfl 
flpyr 3a ApyroM Kancynbi HecKonbKMX 
coo6meHMM. B pe3ynbTaTe b pa6oTe Bcerfla 
6y,qeT ynacTBOBaTb CToribKO .qeMOflyrmTopoB, 
CKonbKO o6Hapy>KeHO bmaob npeaivi6yn. I~lpn 
npuxofle b oflMH KaHan coo6Li^eHMM ot 
HGCKonbKnx MC 3tm MC 6yAyT pacnpefleneHbi no 
pa3HbiM KaHanaM nnn no BpeMeHM b oahom 
KaHane v\ He co3,qaAyT flpyr flpyry noiviexy. 
ripuiMep ycTpaHeHMfl "cTonKHOBeHMfl" CMmanoB 
ot flByx a6oHeHTOB b npoijecce npon3BonbHoro 
flocTyna npn ncnonb30BaHHM 3aflBn*eMoro 
cnoco6a noKa3aH Ha cjDnr. 9. 

l/lcnonb30BaHne 3a?iBnaeivioro cnoco6a 
noBbiujaeT BepoaTHOCTb ycneLUHoro AOCTyna npn 
CHM>KeHMM moll^hoctm npo6bi, a Tao<e CHMWeHkie 

BepOflTHOCTM "CTOnKHOBeHMfl" CMTHanOB OT 

a6oHeHTOB, cnynaPiHO nonaBLiinx b oamh m tot >Ke 
KaHan flOCTYriA. 3to AOCTuraeTca cneflyKDLUMM 
o6pa30M. 

- Cuman npeaivi6ynbi nepeflaeTcsq TonbKO b 
Te»neHMe nocneflOBaTenbHOCTM pa3HeceHHbix bo 
BpeMeHM HHTepBanoB, npwneM nepefl HananoM 
nepeflann Mo6nnbHbie a6oHeHTbi cnyHafiHbiM 
o6pa30M Bbl6npaKDT OflHy M3 TaKMX 
nocneflOBaTenbHOCTeM . 

l~lpeaM6yna nepe,qaeTC?i b TeneHne 
pa3HeceHHbix BpeMeHHbix MHTepBanoB. 3to 
no3BonsqeT, BO-nepBbix, KOMneHcupoBaTb 
BnmqHMe cfceAMHra, m TeM caMbiM yBenuMMTb 
Bepo^THOCTb o6Hapy>KeHM5q npn tom >Ke 

MOLL\HOCTM CMmana, BO-BTOpblX, OTJlHHaTb 

npeaM6yribi ot pa3nnHHbix nonb30BaTeneM, m, 
ncnonb3ysq 3Ty MHcjDopMaLjMKD, ycTpaHATb 
"cTonKHOBeHi/m" cumanoB ot pa3nnHHbix 
nonb30BaTeneM. 

- BBOflMTCfl BpeMeHHOM MHTepBan 0>KMflaHM51 

OTBeTHoro coo6u4eHM^ Me>K,qy npeaM6ynofi m 
KancynoPi coo6meHMfl, sto no3BonaeT coKpaTMTb 
n36biTOHHyK) MOLUHOCTb cumana, 

nepeflaBaeMoro bo BpeMH AOCTyna. 

- ripn Bbi6ope KaHana AOCTyna Ha MC 
yMHTbiBaeTCfl flnnTenbHOCTb nepeAaBaeMoro 
coo6u^eHmq. 3to no3BonqeT Ha EC "yrmoTHATb" 
coo6Li^eHM5q, pacnpeAenafl nx Me>KAy 
pa3nnHHbiMM KaHanaMM, noBbiLua* TeM caMbiM 

3CjDCf)eKTHBHOCTb MCnonb30BaHMfl KSHanOB CBA3M. 

ConocTaBMTenbHbiPi aHann3 cnoco6a 
npon3BonbHoro AOCTyna a6oHeHTOB MC c 
npoTOTunoM noKa3biBaeT, hto npeflnaraeMoe 
M3o6peTeHne cymecTBeHHO OTnunaeTcyi ot 
npoTOTuna, TaK KaK npwBOAUT k 3HannTenbHOMy 
CHM>KeHMK) moll^hoctm noMex, C03flaBaeMblX 
nonb30BaTen5qMM, ocyLnecTBnsqKDLHHMM AQCTyn k 
CUCTeMe CBH3M, m coKpau^eHnio BpeMeHM 
AOCTyna. 3to no3Bon?ieT noBbicnTb eMKOCTb 
CMCTeMbl M CHM3MTb noBpeMeHHynD a6oHeHTCKyto 
nnaTy 3a ycnyrn, npeAOCTaBnaeMbie 
nonb30BaTenflM. 

ConocTaBMTenbHbiPi aHann3 3asqBnsqeMoro 
cnoco6a c ApyrMMM TexHMHecKMMM peweHMflMM b 
AaHHOM o6nacTM TexHMKM He no3Bonnn BbmBMTb 
npn3HaKM, 3a«BneHHbie b OTnuMMTenbHOM nacTM 
qbopMynbi M3o6peTeHM5R. 3to no3Bon5qeT cAenaTb 
BbiBOA o tom, hto 3aflBrmeMbiM cnoco6 
npon3BonbHoro AOCTyna a6oHeHTOB MC cotobom 

CB5q3M CDMA OTBeMaeT KpMTepMflM "HOBM3Ha", 

"M3o6peTaTenbCKMM ypoBeHb" m "npoMbiLuneHHaa 

npMMeHMMOCTb". 

OopMyna M3o6peTeHM5i: 

Cnoco6 npon3BonbHoro flocTyna a6oHeHTOB 
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M06nribHOM CTaHI4MM, 3aKnHDMaHDLHMMCfl B TOM, 

hto Ha Mo6nnbHOM CTaHqun, ocymecTBnflKDLnePi 
AOCTyn b CMCTeMy CB5q3n, Bbi6npaKDT KaHan 
flOCTYriA, BbinonHfihOT nonbiTKy flOCTYriA, 
nepeAaBasq nocneAOBaTenbHOCTb npo6 
flOCTYriA, npuqeM Ka>KAaq npo6a floCTYriA 
coflep>KMT npeaM6yny, no OKOHHaHnn nepeflann 
Kancynbi flOCTYriA o>KMAaK>T coo6LL\eHM5q 
noflTBep>KAeHMfl flOCTYriA b TeneHne 
onpeAeneHHoro BpeMeHHoro MHTepBana, ecnn He 
nonynatoT coo6LneHM5q noATBep>KqeHMsq 
flOCTYriA, to noACHMTbiBaKDT KonnnecTBO npo6 
flOCTYriA, nepeAaHHbix Mo6nribHOM CTaHi^neM 
(MC) BpeM« npoi_\eAypbi, ecnn OHa npeBbiiuaeT 
HeKOTopoe 3aflaHHoe hmcho, to npoi_\eflypy 
flOCTYriA 3aKaHHMBaHDT, b npoTHBHOM cnynae 
HaHMHatoT nepeflany cneflytoLneM npo6bi, npuneM 
Mou^HOCTb npo6bi yBennHMBafOT Ha 
onpeAeneHHyHD BennnnHy, ecnn b TeneHne 
onpeAeneHHoro MHTepBana BpeMeHM nonynaraT 
coo6LneHne noATBep>KAeHnyi .QOCTYnA, to 
nepexoA^T b pe>KMM CB5q3M no Ha3HaneHHOMy 
KaHany, m TeM caMbiM 3aKaHHM BaKDT npoi4eflypy 
flOCTYriA, bo BpeMa npouieAypbi AOCTyna Ha 

6a30BOM CTaHL\MM OCy meCTBnfl KDT noncK 

cumanoB npeaM6ynbi KaHana AOCTyna, npn 
o6Hapy>KeHMM cumana npeaM6ynbi 

AeMOAyni/ipyKDT coo6meHM5q KaHana flOCTYriA, 
no OKOH^aHMM AeMOAyTi^mnn coo6LAeHna 
npoBep?iK)T AOCTOBepHOCTb AeMOflyn^qnn Ha 
ocHOBaHMM onpeAeneHHoro TecTa, ecnn TecT 
noflTBep>KAaeT npaBunbHOCTb npuHfiTUfi 
coo6LneHM5q, to cjDopMMpytoT m nepeAaHDT 
coo6LneHne noATBep>KAeHM5q flOCTYriA p,nn 

M06nribH0M CTaHL\MH, OTnMHaKDLAMMC?! TeM, HTO 

Ha Mo6nnbHOM CTaHi_\nn KaHan AOCTyna 

Bbl6npaKDT B 3aBMCH MOCTM OT flnMTenbHOCTM 

coo6LAeHnsq flOCTYriA, npn nepeAane k3>kaom 
npo6bi Bbi6npaKDT cnynaMHbiM o6pa30M BMfl 
npeaM6ynbi, onpeflen^eMbiw 
nocneAOBaTenbHOCTbHD pa3HeceHHbix 
BpeMeHHbix MHTepBanoB nepeAann npeaM6ynbi, 
nepeAaHDT cuman npeaM6ynbi b pa3HeceHHbix 
BpeMeHHbix MHTepBanax, cooTBeTCTByioLnnx 

AaHHOMy BMAy, O>KMAaK0T OT 6a30BOM CTaHL\HM 

OTBeTHoro coo6LAeHMfi o6Hapy>KeHM^ 
npeaM6ynbi, ecnn He nonynaraT OTBeTHoe 
coo6ineHne o6Hapy>KeHM5q npeaM6ynbi, 
aApecoBaHHoe AaHHOMy a6oHeHTy, to 
noACHMTbiBaHDT KonnnecTBO npo6 flOCTYIlA, 
nepeAaHHbix MC bo speMn npoLKBAypw, ecnn oho 
npeBbiiuaeT HeKOTopoe 3aAaHHoe hmcjio, to 
npoi_\eAypy flOCTYriA 3aKaHHMBaK>T, b 
npoTMBHOM cnynae HannHaioT nepeflany 
cneAytoLi^eM npo6bi npuneM MOL^HOCTb npo6bi 
yBennHMBaHDT Ha onpeAeneHHyio BennnnHy, ecnn 
nonynaraT aApecoBaHHoe AaHHOMy a6oHeHTy 
OTBeTHoe coo6LneHMe o6Hapy>KeHM5q npeaM6ynbi 
c pa3peLueHneM nepeAann, to nocbinaraT Ha 
6a30Byra CTaHi^MK) Kancyny flOCTYriA, ecnn 
nonyHahDT aApecoBaHHoe AaHHOMy a6oHeHTy 
OTBeTHoe coo6LAeHne o6Hapy>KeHM^ npeaM6ynbi 
c nepeaApecai_\neM Ha ApyroM KaHan flOCTYriA m 
yKa3aHneM BpeMeHM nepeAaHM, to nepeAaHDT 
Kancyny flOCTYriA b nepeaApecoBaHHOM 
KaHane b yKa3aHHoe BpeMsq, bo BpeM^ 
npoi_\eAypbi AOCTyna Ha 6a30BOM CTaHqun noncK 
cumanoB npeaM6ynbi KaHana AOCTyna 
ocyLnecTBnflHDT p,na Ka>KAoro M3 bmaob, npuneM 
o6Hapy>KeHne cumana Ka>KAoro M3 bmaob 
npeaM6ynbi paccMaTpM BaHDT KaK o6Hapy>KeHMe 
cumana no KpaMHeM Mepe oahord nonb30BaTen^, 
onpeAensRHDT ypoBHM o6Hapy>KeHHbix CMTHanoB, 
nepeAaHDT cooSu^eHMFi, aApecoBaHHbie stmm 
nonb30BaTenfiM, npMHeM b 3aBMCMMOCTM ot 
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ypoBHen CMmanoB 
nonb30BaTen?iM nepeAaioT 
coo6u^eHMe c pa3pei_ueHneM nepeflann b flamnoM 
KaHane flOCTYIlA, nn6o coo6iJ_ieHne c 
nepeaflpecamieM Ha oflMH M3 CBo6o,qHbix 



KaHanoB flOCTYIlA m yKa3aHneM BpeivieHM 
nepeflaHM Kancynbi flOCTYriA, npimeM Bbi6op 
CBo6oflHbix KaHanoB m BpeivieHM nepe,qaMM 
Kancynbi flOCTYriA onpeflermroT b 3aBMCMMOCTki 

OT flJlMTGJlbHOCTM COOGLL^eHMSq. 
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nMKO^HEMKAMM CO CKAH KOOEPA3HblM M3MEHEHI4EM HACTOTbl 
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BecnpoBOflHaa ceTb coflep>KMT Beflymee 
yCTpOMCTBO m noflHUHeHHbie ycTpoMCTBa. 
BeAymee yorpotfcTBo nepeAaeT aflpec n 
TaKTOBbifi cm man BeflyLAero ycTpoMCTBa k 

nOAHUHeHHblM yCTpOMCTBaM. CBfl3b 

ocymecTBrmeTca nocpeACTBOM BnpTyaribHoro 
KaHana co CKaHKOob~pa3HbiM w3MeHeHneM 
MacTOTbi, npuMeM nocneAOBaTenbHOCTb 
3Ha4eHMM CKaHKOo6pa3Horo M3MeHeHnq nacTOTbi 
ABrmeTCfl cjz»yHKL4neM aApeca BeAymero 
ycTpoMCTBa, a a>a3a nBnnercn (fiy\-\Ki\v\si7i 
TaKTOBoro cHmana BeAyLuero ycTpoficTBa. 
nepeAaBaeMbie coo6~ineHi/ifl 3anpoca TpeoyioT 
MHcjDopMai^nn 06 aApece noAHHHeHHbix 
ycTpowcTB n Tononornn, hto moiot 
Mcnorib30BaTbCfl Anfl cjDopMfipoBai-ii/m AepeBa 
KOHc)DMrypai4iin AJ~ia onpeAeneHi/m MapiupyTa p,nn 
coeAHHeHMfl Me>KAy BeAyLAMM n noA^MHeHHbiiviM 
ycTpoMCTBaMM . l/lHcf)opMai4Mfl 06 aApecax 
noAHMHeHHbix ycTpoficTB m TononoruM mo>kbt 
BhtHfonaTb co6cTBeHHbiM aApec ot Ka>KAoro M3 

nOA^HHeHHblX yCTpOWCTB H TOJIbKO cnncKH 

aApecoB nepBoro nopaAKa ot Ka>KAoro M3 
noAHMHeHHbix ycTpoficTB. OopivinpoBaHMe 
AepeBa KOHCpurypai^MM BKJiHDMaeT 



CjDOpMHpOBaHM6 MepapXHM KOJiei^ CBH3HOCTM 1/13 

cnncKOB aApecoB nepBoro nopHAKa. Ka>KAoe 

AepeBO CBA3HOCTH MO>KeT 0>OpMHpOBaTbCfl B 
COOTBeTCTBMM C npaBWIOM, HTO KOJlbl40 
CB33HOCTM C 6onee BblCOKMM HOMepOM He MO>KeT 

BKJiHDHaTb ycTpoficTBa, npeACTaBrmK)LAi/ie y3Jibi, 
KOTopbie yxe 6binn npeACTaBneHbi y3noM b 

KOflbLje CBA3HOCTH C 6onee HM3KMM HOMepOM. 

KaK BapnaHT, Ka>KAoe Koribi^o cbji3hocth MoxeT 
cjDopMnpoBaTbca c yneTOM Koiibua cbashoctm c 
TeKymi/iM HOMepoM, MMeioLAero nopoKAatoiuMe 

y3J1bl, H BKTIKJHafl B KOJlbl^e CBA3HOCTH CO 

cneAytoLAMM Soriee bwcokum HOMepoM re y3fibi, 
npeACTaBn^KDLHne Bee nopo>KAaeMbie y3Jibi 

nopO>KAaK>U4HX y3flOB, flJ1H KOTOpblX HHKaKOM M3 

ysnoB-noTOMKOB He mo>kgt npeACTaBrmTb to >Ke 
caivioe ycTpoMCTBO, hto v\ npeACTaBneHHoe 
nopo>KAafOLJ4MM y3noM; hm oamh H3 
y3noB-noTOMKOB JifoSoro nopo>KAeHHoro y3na 
nopo>KAaK)Li4ero y3na He MO>KeT npeACTaBrmTb to 
>Ke caivioe ycTpoMCTBO, hto m rifo6oM H3 
nopo>KABHHbix y3J~iOB AaHHoro nopoKAa^LAoro 
y3na, m hh oahh M3 nopo>KAOHHbix y3noB JiK)6oro 
nopo>KAaKDU4ero y3na He MO>KeT uiivieTb to >Ke 
caivioe HM51, hto h jikd6om APyoPi nopo>KAeHHbiM 
y3en ynowfiHyToro Jiio6oro nopo>KAafOLAero y3na. 
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TexHMH6CKHM pe3ynbTaTOM aBJifleTca coaAaHMe 

CnOC060B H yCTpOMCTB ATlfl COeflMHeHMfl 

ycTpowcTB 6ecnpoBOflHbiM nyTeM Arm 
oGecneMeHU^ onTHMaribHoro wcnorib30Bai-Mfl 
BbiAeneHHoro cneKTpa. 4 c. m 10 a.n.cfwibi, 12 
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(57) Abstract: 

FIELD: wireless communication networks. 
SUBSTANCE: wireless network has driving 
device and slave devices. Driving device 
transmits its address and clock signal to 
slave devices. Communication is effected by 
means of frequency-jump virtual channel, 
frequency jump sequence being a function of 
driving-device address and its phase, a 
function of driving-device clock signal. 
Request messages being transmitted require 
data on addresses of slave devices and 
layout that may be used to form 
configuration tree for routing 

interconnections between driving device and 
slave devices. Data on addresses of slave 
devices and layout may include home address 
of each of slave devices and only lists of 
first-level addresses from each of slave 
devices. Configuration tree formation 
includes organization of hierarchy of 
connectivity rings from first- level address 
lists. Each connectivity tree may be formed 
proceeding from statement that higher-number 
connectivity ring cannot include devices 
representing nodes that have been already 
presented by node in lower-number 
connectivity ring. As an alternative 
connectivity ring may be formed considering 
current-number connectivity ring that has 
father nodes and including in connectivity 



ring bearing next higher number the nodes 
representing all child nodes of father nodes 
for neither of descendant nodes of any child 
node may represent same device as any of 
child nodes of given father node; and 
neither of child nodes of any father node 
may have same name as any other child node 
of any mentioned father node. EFFECT: 
provision for optimal use of assigned 
spectrum for wireless connection of devices. 
14 cl, 12 dwg 
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npefliuecTByK)Li4MM ypoBeHb TexHMKM 
M3o6peTeHne othocmtca k 

HeKOOpflMHMpOBaHHblM 6ecnpOBOflHblM 

cucTeiviaM, Gonee KOHKpeTHO k 

CaMOOpraHM3yKDLi^eClC^ CBfl3HOCTM B 
HeKOOpflMHkipOBaHHOM 6ecnpoBOAHofi 
MHorononb30BaTenbCKOi?i cucTeMe. 

JloKanbHbie ceTn paAMOCBa3M b tmiiobom 
cnynae oxBaTbiBafOT ofrnaarb TexHMKH, b 

KOTOpOM 06"bSflMH51K)TCfl KOMnbfOTepHafl 
MHflyCTpHfl M HHflyCTpHfl 6ecnpOBOAHOM CBH3M. 

OGbNHbie KOMnbioTepHbie ceTM ocHOBbiBafOTca 
Ha npoBOflHbix JioKanbHbix ceTax, b TunoBOM 
cnynae Mcnonb3yioLHMX KOMMyTau,Mfo naKeTOB n 
npeflHa3H3MeHHbix Ana nepeAaHM AaHHbix. B 
npoTHBonono>KHOCTb 3TOMy, 6ecnpoBOAHbie 

CeTM, B HaCTHOCTM COTOBbie CeTM, OCHOBblBaWTCfl 

Ha pacnpeAeneHHbix ceTax, b thiiobom cnynae 

MCnOJ1b3yK3T KOMMyTai^MHD KaHanoB n 

npeAHa3HaneHbi Ana nepeAaHM peneBbix 
cumanoB. BonbiunHCTBO TexHMHecKnx peiueHMM, 
ncnojib3yeMbix npn npoeKTupoBaHnn JioKanbHbix 
ceTew paAMOCB^3n, noBTopaKrr npuHunnbi, 

KOTOpbie MCnOJlb3yK)TC5q B npOBOAHblX 

JioKanbHbix ceTax. Sto, OAHaKO, Bbi3biBaeT 
npo6neMbi, nocKOJibKy ycnoBMa nepeAaHM b 
npoBOAHoPi cpeAe v\ b 6ecnpoBOAHOM cpeAe 
pa3riMHaK3TCfl BecbMa cyu^ecTBeHHbiM o6pa30M. 
Boriee Toro, MynbTMMeAMMHbie nepeAaHM 
Tpe6yfOT peann3ai4MM flononi-MTenbHbix cbomctb, 
bbmay ocoGbix Tpe6oBaHMM k xapaKTepucTMKaM 
TpacjDHKa, BbiABuraeMbix HeooxoAMMOCTbio 
nepeAann AaHHbix, peHM n BMAeocMTHanoB. 
HaKOHeu,, cpeAa nepeAaHM b AOManiHUX 
ycnoBMax niweeT cbom co6cTBeHHbie 
Tpe6oBaHMa, KOTopbie MoryT 6biTb peiuahOLUHMH 
npn npoeKTwpoBaHMM cucTeivibi. 

rioHTH cto npoueHTOB KOMnbfOTepHbix ceTePi 
Mcnonb3yHDT b HacTOflLnee Bpeiwa npoBOAHyio 
MHcjDpacTpyKTypy. ripoBOAHaa cpeAa nepeAaHM 
MoxeT BKfiHDHaTb b ce6a Anana30H, HaHMHaa ot 
npocTOM bmtom napbi ao onTunecKoro BonoKHa. 
Bbmay CBoCicTBeHHoro ev\ SKpaHMpoBaHMa m 
KOHTponnpyeMOCTM ycnoBUM nepeAaHM, 
npoBOAHaa cpeAa nepeAaHM xapaKTepM3yeTca 
HH3KHMM ypoBHAMU B3anMHbix noiviex n 
CTa6nnbHbiMH ycnoBMaMM pacnpocTpaHeHMa. 
CneAOBaTeribHO, npoBOAHaa cpeAa oonaAaeT 
noTeHL^anoM Ana AOCTM>KeHMa CKopocTew 
nepeAaHM AaHHbix ot bhcokhx ao BecbMa 
BbicoKMX. Bbhay nocneAHero ob~CToaTenbCTBa, 
Bee ynacTHUKH npoBOAHbix JioKanbHbix ceTeM b 
TunoBOM cnynae coBMecTHO Mcnonb3yioT TaKyio 
eAMHyio cpeAy nepeAaHM. 3Ta cpeAa nepeAaHM 
o6pa30BaHa eAUHbiM KaHanoM, KOTopbiM 
ncnonb3yeTCfi ToribKO oahmm M3 paAa pa3HMHHbix 
nonb30BaTenei?i b nfo6oM KOHKpeTHbiM MOMeHT 
BpeivieHM. Hcnonb30BaHne 
MyjibTMnneKcupoBaHun c BpeivieHHbiM 
pa3AeneHneM KaHanoB no3BonaeT pa3iinHHbiM 
nonb30BaTermM nonynaTb flocTyn k KaHany b 
pa3nnHHbie MoivieHTbi BpeivieHn. 

npoTOKonbi Ana AOCTyna k npoBOAHOM cpeAe 
nepeAa^n CTaHAapTH30BaHbi HHCTMTyTOM 
MH>KeHepoB no aneKTpoTexHUKe m srieKTpoHMKe b 
ero cepnn IEEE 802. B TunoBOM cnynae a^^ 
nonyMeHna AOCTyna k cpeAe nepeAann 

MCnOJ1b3yK3TCfl pa3J1HHHbie MeTOAbl 

pe3epBMpoBaHna AOCTyna, TaKne KaK KOHTporib 
HecyLnefi (Hanpniwep, An^ cem Ethernet, 

COOTBeTCTByHDLUMM HopMe 802.3 MeTOA 
MHO>KecTBeHHoro flocTyna c KOHTponeM HecyLi^eM 

M HCKT1K)MeHHfl KOHCjDJIUKTa) HJ1M HCnOJ1b30BaHMe 

MapKepoB (HanpuMep, cooTBeTCTByjou^ne Hopivie 
802.4 MapKepHbie ninHbi mjih cooTBeTCTByfOLi^Me 
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Hopivie 802.5 KonbLjeBbie ceTM c MapKepHbiM 
AOCTynoM). 3th npoTOKonbi MoryT 6biTb 
ncnonb30BaHbi b pacnpeAeneHHOM CMbicne TaK, 
^to nonb30BaTenb, 3aHMMaHDLi^nM KaHan, 
pe3epBnpyeT cpeAy CBoeCi TeKymeM nepeAaMeM 

HJ1M CBOMM MapKepOM. B T3KHX CXeMaX Ka>KflblM 

nojib30BaTerib iwo>KeT npocnyujHBaTb Becb 
TpacjDkiK. T.e. b eAHHOM noKanbHOM ceTM Bee 
nonb30BaTenn coBMecTHO ncnorib3yK)T He 

TOflbKO OAHH KaHail, HO H BCK3 MHCjDOpiViaL^HK), 

nepeAaBaeMyjo no STOiviy KaHany. Ecriki hhcjio 
ynacTHHKOB B03pacTaeT, to noKaribHa^ ceTb 
MO>KeT 6~biTb noApa3AeneHa Ha MeHbLUMe 
JloKanbHbie ceTM hjim cerivieHTbi, KaHaribi 
KOTopbix pa6oTaK)T He3aBHCMMO. JloKanbHbie 
ceTM MoryT 6biTb B3aMMOCB^3aHbi nocpeACTBOM 

CeTeBblX yCTpOMCTB, Ha3blBaeMblX MOCTaMM, MJ1M 

MapLupyTM3aTopoB, KOTopbie oo"pa3yfOT 

MHTepcfieMCbl Me>KAy pa3J1HHHblMM JIOKailbHblMM 

ceTJ^MM. TaKMe KOHcjDnrypaL4MM npuBOA^T k 6onee 
cno>KHbiM ceT^M (cm., HanpMMep, D. Bertsekas 
and R. Callager, Data Networks, 2 nd Edition, 
Prentice-Hall, London, 1992). ripn o6cy>KAeHMM 
pe3MAeHTHbix, T.e. pacnono>KeHHbix b 
noMemeHM^x, noKaxibHbix ceTefi AOCTaTOHHO 
pacciviaTpMBaTb oamhohhyk> noKaribHyK) ceTb. 
JloKaribHaiR ceTb b TMnoBOM cnynae 
o^ecne^MBaeT o6cny>KMBaHMe c KOMMyTai4MeM 
naKeTOB 6es ycTaHOBneHMfl coeAMHeHMa. 
Ka>KAbiM naKeT niyeeT aApec MecTa Ha3HaneHMn 
(m o6bNHO TaioKe aApec MCTOHHMKa), TaK ^ito 
Ka>KAbiM nojib30BaTejib MO>KeT onpeAeriMTb, 
npeAHa3HaneH jim nepeAaBaeMbiM naKeT Ana 
Hero uriM HeT. 

CneAyeT MiwieTb b BMAy, hto 
pe3yjibTMpyKDLnaa nponycKHaa cnoco6HOCTb, 
npMXOA^LMaaca Ha noribsoBaTena, b oamhohhom 
noKaribHOM ceTM onpeAenaeTCfi MaKCMMaribHOM 
CKopocTbio nepeAaHM AaHHbix b KaHane m 

HMCJIOM n0J1b30BaTeiieM 3 KOTOpbie GOBMeCTHO 

Mcnojib3yioT AaHHbiM KaHan. fla>Ke ecriM 
MaKCMMaribHan CKopocTb nepeAaHM AaHHbix 
oneHb BbicoKa, bbmay LUMpoKononocHOCTM 
npoBOAHOM cpeAbi nepeAaHM, scjDctDeKTMBHaa 
nponycKHaa cnocoSHOCTb Ana nonb30BaTena 
MO>KeT OKa3aTbca oneHb hm3kom, ecriM KaHan 
AonxeH coBMecTHO Mcnonb30BaTbca 6onbLUMM 
KonnnecTBOM nonb30BaTeneii. 

riOCKOnbKy TMn CB33M, MMeWL^eM MeCTO B 

coBpeivieHHbix npoBOAHbix noKanbHbix ceTax, 
MoxeT 6biTb onpeAeneH KaK acMHxpoHHbiM m He 
TpeoyioLUMM ycTaHOBneHMa coeAMHeHMa, to oh 
nnoxo nonxoAMT atia noAAep>KKM ycnyr, 
KpMTMHHbix k 3aA@p>KKaM nepeAaHM, TaKMX KaK 
nepeAana peHM. flna peanM3ai4MM ycnyr 
nepeAaHM peHM h eo6xoAM m bi "cm HxpoHHbie MnM 
M3cxpoHHbie coeAMHeHMa, KOTopbie Tpe6yioT 
MeTOAOB npMopMTM3ai4MM b npoTOKonax 
ynpaBneHkia AOCTynoM k cpefle nepeAann, 4To6bi 
npeAOCTaBMTb npeMMymecTBO roBopamMM 
nonb30BaTenaM nepeA HeroBopamMMM 
nonb30BaTenaMM. Pa3nMHHbie MccneAOBaHMa, 
npoBeAeHHbie Ana cyLi^ecTByfOLi^MX ceTeM 
nepeAaHM AaHHbix, noKa3anM, hto sto 
HeTpuBnanbHaa 3aflaHa. 

B TeneHMe nocneAHMX HecKonbKMX ner 
opraHM3ai4MM no CTaHAapTaM b GLUA m b EBpone 
npoBOAMnM pa6oTbi, Kacaraii^Meca 
6ecnpoBOAHbix noKanbHbix ceTeM (BJ1C). B CLJJA 
b pe3ynbTaTe stmx pa6oT 6bin co3AaH CTaHAapT 
IEEE 802.11 (npoeKT CTaHAapTa IEEE 802.11, 
P802.11/D1, Dec.1994), a b EBpone - CTaHAapT 
ETSI HIPERLAN (ETSI, RES1 0/96/etr, "Radio 
Equipment and Systems (RES); High 
Performance Radio Local Area Networks 
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(HIPERLANs), July 1996). 

Mto KacaeTCfl CTaHflapTa IEEE 802.11, to, 
ksk yKa3biBaeT ero Ha3BaHne, oh npeACTaBrmeT 
co6ofi pacLUnpeHUie CTaHAapTa 802 An* 
noKanbHbix ceTefi. BecnpoBOflHoe coeAHHeHi/ie 

flBflfleTCfl J1HHMGM paflHOCBfl3M nnn 

MHCppaKpacHoi?i nnHnePi cbfi3m. Cpe^e nepeAann 
paflnocBfl3M cooTBeTCTByeT nonoca Ha nacTOTe 
2,4 rru,, BbifleneHHa* An* npoMbiujneHHbix, 

HayHHblX, MeflUl^UHCKHX npHMBHBHUM 

(ISM-Anana30H). OAHaKO Ana oahhohhom 
noKanbHoPi ce™ paAWOCBasw b Ka>KAbM AaHHbifi 
MOMeHT BpeivieHU BbiAeneH ToribKO KaHan co 
CKopocTbio nepeAann 1-2 MoafiT/c. 3tot 
OTHOCMTenbHO y3KononocHbiM KaHan AOJi>KeH 

COBMeCTHO MCnOJ1b30BaTbCfl BCeMU yMQCTHUKaMM 

cotm paAnocBfl3n. OnpeAeneHa KaK 
KOHcfjurypai^Mfl, ocHOBaHHafl Ha npoBOAHOM 
MHcjDpacTpyKType, TaK h kohc|dh rypau.ua, 
ocHOBaHHaa Ha npon3BonbHOM (cneunaribHO 
co3AaHHoCi) CTpyKType. B cnynae npoBOAHofi 
MHcjDpacTpyKTypbi cwcTeMa paAH0CBA3H npocTO 
ooecneHWBaeT oecnpoBOAHoe pacmnpeHne 
Me>KAy npoBOAHOM noKaribHOM ceTbio n 
nonb30BaTejibCKMM TepMUHanoM. 
ct)MKCnpoBaHHbie nyHKTbi AOdyna ooecneHMBatoT 
conpaxeHne Me>KAy npoBOAHOM o6nacrbfo n 
SecnpoBOAHOM oonacTbK). B ceTH c 
npon3BoribHOM CTpyKrypoPi SecnpoBOAHbie Gjiokm 
co3AafOT cbok) coocTBeHHyfo 6ecnpoBOAHyhD 
ceTb. npM gtom He npeAycMaTpuBaeTcs Boo6i_4e 
HMKaKaa npoBOAHaa ocHOBHaa CTpyKTypa. 

1/lMeHHO CBOWCTBO COSAaHHfl npOHSBOnbHOH 

CTpyKTypbi, o6ecneHMBaeMoe 6ecnpoBOAHbiMH 
cucTeiviaMU CBA3M, AaeT 6ecnpoBOAHbiM 
noKaribHbiM ceT^M b3>khog npei/iMymecTBO 
nepefl npoBOAHbiMn noKanbHbiMn ceiawiM b 
onpeAeneHHbix o&nacTax npwMeHeHkm. 

Arm MCKiifOHeHMfl B3anMHbix noiviex c 
ApyrnMM ceTAMM nnn ApyrnMM npuMeHeHHAMM b 
ISM-Anana30He Ha nacTOTe 2,4 rru,, 
ncnojib3yfOTC?i MeTOAbi pacLunpeHMa cneKTpa 3a 

CHOT n p^ MOW MOAynai^MH 

nocneAOBaTenbHOCTaMM nnn MeAneHHoro 
CKa<-iKoo6pa3Horo M3MeHeHna nacTOTbi. flocTyn k 
KaHany BbinonHaeTca c ncnonb30BaHneM 
cnei^MaribHOM qbopMbi npoTOKoria 

MHO>KecTBGHHoro flocTyna c KOHTponeM HecymePi 
M HCKJItOHeHUn KOHCjDJlUKTa (npoTOKoria 

CSMA/CA), KOTopbiw ooecnennBaeT 

o6criy>KHBaHMe oes ycTaHOBneHna coeAHHeHi/m. 
B apxnTeKType, ocHOBaHHofi Ha npoBOAHofi 
MHcj^pacTpyKrype, CTau^oHapHas nacrb 6epeT Ha 
ce6s porib ueHTpanbHoro KOHTponnepa, KOTopbiM 
nnaHnpyeT Becb TpaqbHK. B npon3BonbHow 
apxMTeKrype npoTOKon CSMA/CA ooecnenwBaeT 
MHo>KecTBeHHbiM AOCTyn k KaHany. 

B u,enoM CTaHAapT IEEE 802.11 BecbMa 
cxoAeH co CTaHAapTOM Ana npoBOAHoPi ceTH 
Ethernet, ho b Heiw npoBOAHOM KaHan 3aMeHeH 
Ha paAMOKaHan co CKopocTbK> nepeAann 1 
M6atiT/c. 5^cho, hto 3qbqbe kt n b h a a nponycKHaa 
cnocoo"HOCTb Ana nonb30BaTena 6bicTpo 
CHMxaeTCfl no Mepe yBennneHUfl KonnnecTBa 
ynacTHUKOB. Kpoiwe Toro, nocKonbKy 
KQ3c|Dc|Dni4neHT pacujupeHna atis iweTOAa 
pacLunpeHMfl cneKTpa c ncnonb30BaHneM 
np^MOM MOAynai4nn nocneAOBaTenbHOCTbto 
cocTaBnyieT Bcero 11, a nacTOTa CKan kob atia 
MeTOAa pacujupeHMfl cneKTpa c 
ncnonb30BaHneM CKaHKOo6pa3Horo M3MeHeHMjq 
nacTOTbi cocTaBnfieT Bcero ot 10 ao 20 CKaHKOB 
b ceKyHfly, to b ISM-Anana30He o6ecneHMBaeTCfi 
BecbMa HeBbicoKa^ ycTotiHUBOCTb no 
OTHOLueHMHD k B3aMMHbiM noiviexaM. Pa3nnHHbie 
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Hecyujue nacTOTbi TeopeTunecKM MoryT 
cymecTBOBaTb b oahom m tom >Ke o6nacTM 
(pa3nnHHbie ceTH nn6o ncnonb3yioT pa3nnHHbie 
Hecyu^ne nacTOTbi M3 onpeAeneHHbix ceivin 
nacTOT npn npniweHeHnn MeTOAa pacujupeHU?! 
cneKTpa nyTeM npflMoPi MOAynflu,nn 
nocneAOBaTenbHOCTbfo, nn6o ncnonb3yioT 
pa3nnHHbie nocneflOBaTenbHOCTM 
CKaHKOo6pa3Horo M3MeHeHHfi nacTOTbi npn 
npnivieHeHnn MeTOAa pacujupeHna cneKTpa 
nyTeM CKaHKOo6pa3Horo n3MeHeHna nacTOTbi), 
yBennHUBa^ 3a cneT 3Toro cyMMapHyio 
nponycKHyHD cnoco6HOCTb. PeanbHO 
OTMenanocb, hto cyMMapHaa nponycKHayi 
cnocooHOCTb, onpeAenaeMafi KaK cyMMapHaa 
nponycKHaa cnocoo~HOCTb Ana nonb30BaTenfl, 
yMHO>KeHHaa Ha KonnnecTBO HaxoA^LHnxca 
p^AOM nonb30BaTenew (He o6fl3aTenbHO 
aBnfltoL^Mxea ynacTHMKaMM oahom m tom >Ke 
ceTM), HHKorAa He MO>KeT npeBbicMTb 4-6 
M6aCiT/c npn npuMeHeHnn nfoSoro MeTOAa (cm. 
A.Kamerman, "Spread -Spectrum Techniques 
Drive WLAN Performance," Microwaves & RF, 
Sept. 1996, p. 109-1 14). 

flna psAOM pacnono>KeHHbix pa3nnHHbix 
cere\A cornacHO CTaHAapTy IEEE 802.11 
HBnfleTCfi npeAnoHTMTenbHbiM, HTo6bi ceTH 
6a3npoBanncb Ha npoBOAHOM MHcfpacTpyKType: 
orpaHnneHHoe nucno p^aom pacnono>KeHHbix 
cjDMKCupoBaHHbix nyHKTOB AOCTyna MoryT 

C03flaTb HX C06CTBeHHyfO CeTb. 3aTeM B03MO>KHa 

HeKOTopaa CTeneHb KoopAHHaunn nocpeACTBOM 
npoBOAHoCi ceTM. OAHaKO a^^ ceTeM, 
6a3npyfOLAHxcfl Ha npon3BonbHow CTpyicrype, gto 
HaMHoro TpyAHee b cooTBeTCTBMH co 
CTaHAapTOM IEEE 802.11, TaK KaK npoTOKon 
ynpaBneHMfl AOCTynoM k ceTeBOM cpeAe 
(npoTOKon MAC) He npuMeH^eTcn 
aBTOMaTunecKH k TaKOM KOHcjDnrypai^nn. BMecTO 
3Toro 6noKM, KOTopbie nonaAafOT b o6nacTb 
AeMCTBUfl TaKoCi npon3BonbHow ceTM, 6Yavt 
npucoeAUHfiTbCfi k cyu^ecTBytoLL^eCi ce™ m He 
6yflyT co3A3BaTb CBoefi co6ctbshhom ceTH. 

CTaHAapT HIPERLAN pa3BMBancfl TeM >Ke 
nyTeM, hto m CTaHAapT IEEE 802.11. CucTeMa 
pa6oTaeT b Anana30He Ha nacTOTe 5,2 rru, (He 
npeAOCTaBneH ati^ ncnonb30BaHMfl b CLUA). 
CTaHAapT HaxoAHTCfl Bee eu^e b CTaAHH 
pa3pa6oTKH n BKnfonaeT b ce6fl ceMeticTBO 
cyScTaHAapTOB HIPERLAN 1-4. CaMafl 
ocHOBHaw HacTb HIPERLAN 1 (ETSI, ETS 
300652, "Radio Equipment and Systems (RES); 
High Performance Radio Local Area Networks 
(HIPERLAN) Type 1; Functional 
Specification", June 1996) noAO^Ha CTaHAapTy 
IEEE 802.11. H BHOBb ncnonb3yeTC?i oamh 
KaHan, ho npn 6onee BbicoKow MaKCMManbHoPi 
CKopocTH nepeAann AaHHbix 23,5 M6aMT/c. 
Mcnonb3yeTC^ cnei4nann3npoBaHHafl cxeMa 
npoTOKona CSMA/CA, onpeAen^eMayi KaK 
MHOKecTBeHHbiw AOCTyn c npnopnTH3ai4ne£i 6e3 
BbiTecHeHU^ c ncKnfoneHneM BbixoAa 
(EY-NPMA), KOTopbiM npeAycMaTpuBaeT p^A 
KOHKypeHTHbix dpa3, npe>KAe neM KaHan 6yAeT 
3ape3epBnpoBaH. Xota Anana30H Ha nacTOTe 5,2 
rru flsnaeTCfl Henni^eHsnpoBaHHbiM b EBpone, 
pa3pei_ueHbi TonbKO npkiMeHeHMfl 
HIPERLAN-Tuna. riosTOMy He peanw3yK)TCfi 
cneL4nanbHbie Mepbi no OTHOiueHwo k 
Hen3BecTHbiM ncTOHHMKaM noMex. Pa3nnHHbie 
ceTM MoryT cocyu4ecTBOBaTb b oahom \a to\a >Ke 
oSnacTM, npM ycnoBnn ncnonb30BaHM5q 
pa3nMHHbix KaHanoB ljjmpuihoh" 23 MTu,. noMMMO 
nacTOTbi 5,2 rru,, onpeAeneHbi n?iTb TaKnx 
KaHanoB. 
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flpyraa MHTepecHaa A^aTenbHOCTb b 
HanpaBneHUM pa3pa6oTOK CTaHflapTa 
HIPERLAN CBa3aHa co CTaHAapTM3au,MeM 
cornacHO HIPERLAN 2, KOTopaa 
KOHi4eHTpnpyeTC?i Ha 6ecnpoBOAHOM 
acuHxpoHHOM pe>KMMe nepeAaHM (ATM). 
npeflnonaraeTCfl, hto 3Ta oecnpoBOAHaa ceTb 
TaioKe 6yAeT ncnorib30BaTb nonocy Ha nacTOTe 
5,2 ITlj, 6y,qeT noAAep>KHBaTb nepeAaHM c 
MaKCMManbHbiMM CKopocTflMM nepeAaHM AaHHbix 
nopaAKa 40 M6aMT/c m ncnorib30BaTb 
u,eHTpann30BaHHyfo cxeiwy Aocrryna c HeKOTopofi 
cxeMow npoTOKona MAC Ha3HaneHMa no 

Tpe60BaHMK3. 

O6L14HM Ana cyu4ecTByK)LU l nx oecnpoBOAHbix 
m npoBOAHbix JioKaribHbix ceTei?i aBnaeTca to, 
hto oahh KaHar coBMecTHO ncnorib3yeTCfl Bceivin 
ynacTHUKaiviM b noKanbHOM ceTM. Bee 
noj~ib30BaTenn coBMecTHO Mcnonb3yioT KaK 
co6cTBeHHO cpeAy nepeAaHM, TaK m bchd 
MHcjDopiviai4Hfo, nepeAaBaeMyio b stom cpeAe. B 
npoBOAHOM noKanbHOM ceTM stot KaHan 
oxBaTbiBaeT bck> cpeAy nepeAaHM. Oah3ko sto 
He MMeeT Meora b noKanbHbix ceTax 
paAMOCB5q3M. B noKanbHbix ceTax paAMOCBa3M 
cpeAa paAHOCBfi3H oo"biHHO HMeeT nonocy ot 80 
AO 100 MTi^. BBHAy orpaHMHeHMM Ha 
npaKTunecKyjo peannsai^nto v\ CTOMMOCTb 
npneivionepeAaTHMKOB paAMOCBa3M v\ BBMAy 
orpaHnneHMM, ycTaHaBJiMBaeMbix 

aAMMHMCTpaTMBHblMH OpraHaMM, nOAO^HblMM 

FCC h ETSI, npeACTaBnaeTca HeB03MO>KHbiM 
onpeAeriMTb KaHan paAMOCBa3M b noKanbHOM 
ceTM paAHocBA3n c tom >Ke LunpuHOM nonocbi, 
hto n b cpefle paAHocBA3n. riosTOMy nnujb 
nacTb cpeAbi paAMocBa3M Mcnonb3yeTca b 
oamhohhom noKanbHOM ceTM. B pe3ynbTaTe 
MaKCMManbHafl CKopocTb nepeAaHM AaHHbix b 
KaHane CHi/iwaeTca. Ho 6onee Ba>KHbiM aBnaeTca 
to, hto aqbqbeKTHBHafl nponycKHaa cnocoSHOCTb 
Ann nonb30BaTenetf CHM>KaeTca, TaK KaK Bee 
ynacTHUKM coBMecTHO ncnonb3yK)T stot KaHan, 
KOTopbiM Tenepb HaMHoro MeHbiue, neM cpeAa 
nepeAann. XoTa cpeAa nepeAaHM 
noApa3AenfleTca Ha pa3nnHHbie KaHanbi, 
Ka>KAbii?i i/i3 KOTopbix MO>KeT wcnonb30BaTbcn Ana 
yoraHOBKH OTAenbHoPi noKanbHOM ceTM 
paAMOCB^3M, Ha npaKTUKe TonbKO OAHa ceTb 
nepeKpbiBaeT onpeAeneHHyio oonacTb, 
oco6eHHO ecnn penb ha©t 0 ceTax c 
npon3BonbHoPi CTpyKTypofi. B noKanbHbix ceTax 
paAMOCB^3M, 6a3npyhOLU,nxc^ Ha npoBOAHOM 
MHcfipacTpyKType, Ana co3AaHMa aneeK MoryT 
ncnonb30BaTbc^ pa3nnHHbie KaHanbi, npuneivi 
Ka>KAaq AHefiKa hqxoahtca b CBoefi coBctbshhom 
ceTM, KOTopaa He co3AaeT noiwex coceAHMM 
aneMKaM. 3tot pe3ynbTaT AOCTMraeTca i^eHOM 
ycunuM, HanpaBneHHbix Ha nnaHnpoBaHMe 
pacnpeAeneHMfl KaHanoB. TaKMM nyTeM 
co3AaeTca coTOBa^ CTpyicrypa, KOTopaa noflo6Ha 
cotobom CTpyKType, BCTpenafOLneMCfl b coTOBbix 
Mo6MnbHbix CMCTeiviax. Hcnonb30BaHne 
pa3nMHHbix ceTefi paAMOCBa3M c npoMSBonbHOM 
ct pyKTypoM b oahom \a tom >Ke aneMKe, OAHaKO, 
3anpeLneHo 3 hto orpaHMHMBaeT AOCTMXMiviyio 
cyMMapHyK) nponycKHyK) cnoco6HocTb Ha 
eAHHHL4y 30Hbi o6cny>KHBaHna. 

PaccMaTpMBaa Tenepb nepeAany peHM c 
noMOLAbio KaHanoB nepeAaHM AaHHbix, mo>kho 
3aKnfOHMTb, hto 3to Bee eLAe npeACTaBnaeT 
npo6neMy b TpaA^UMOHHbix CMCTeiviax, TaK KaK 
CTaHAapTbi 6ecnpoBOAHbix noKanbHbix ceTeM" 
Mcnonb3yioT cxeMbi MHO>KecTBeHHoro AOCTyna, 
Mcnonb3yeMbie b mx npoBOAHbix npoTOTMnax. 
noKa3aHO, hto Mcnonb30BaHMe TaKMX 
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npoTOKonoB MAC Ana nepeAaHM peHM TaioKe He 
aBnaeTca b nonHOM Mepe noAXOA^LAUM (cm. M.A. 
Visser, et al., "Voice and Data Transmission 
over 802.11 Wireless Network," Proc. of 
PIMRC'95, Toronto, Sept. 1995, p. 648-652). 
TaKMM o6pa30M, cymecTByeT noTpe^HOCTb b 

3KOHOMMHHOM M 3C(DC^eKTMBHOM 6ecnpOBOAHOM 

cucTeivie, cnoco6Hofi 3aMeHMTb noKanbHyro ceTb, 
KOTopaa Morna 6bi noAAep>KMBaTb nepeAany KaK 
peHM, TaK m AaHHbix, m ABnRnacb 
caivioopraHM3yfOLAeMCfi Ana sqbcfceKTMBHoro 
Mcnonb30BaHM5q orpaHMHeHHoro cneKTpa nacTOT 

paAMOCBF13M. 

CyiAHOCTb M3o6peTeHMfl 

TaKMM o6pa30M, 3aAaneM M3o6peTeHMfl 
flBnaeTca co3AaHMe cnocoo"oB m ycTpoMCTBa Ana 
coeAMHeHMa ycTpoMCTB 6ecnpoBOAHbiM nyTeM 
Ana o6ecneneHMfl onTMManbHoro 
Mcnonb30BaHM^ BbifleneHHoro cneicrpa. 

KpoMe Toro, 3aAaneii n3o6peTeHM?i qBn^eTCin 

C03AaHMe CTpyKTypbl CBa3HOCTM, B KOTOpOM 

OTAenbHbie ycTpoMCTBa MoryT ycTaHaBnMBaTb 
He3aBMCMMO AByxToneHHbie coeAMHeHM^ 6e3 
noMex co CTopoHbi AByxToneHHbix coeAMHeHMM 

Me>KAY APyrMMM yCTpOMCTBaMM, COBMeCTHO 

Mcnonb3yK)iu l MMM Ty >Ke caMyio 30Hy 
o6cny>KMBaHMn n tot >Ke caMbifi cneicrp nacTOT. 

B cooTBeTCTBMM c oahmm M3 acneKTOB 
HacTonLnero M3o6peTeHMn, BbiLueyKa3aHHbie 
pe3ynbTaTbi AOCTuraioTca b 6ecnpoBOAHOM ceTH, 
coAep>KaLAeM BeAyiA ee ycTpoMCTBO m 
noAHMHeHHoe ycTpoMCTBO. BeAyu4 ee yCTpOMCTBO 
coAep>KMT cpeACTBO Ana nepeAaHM aApeca 
BeAymero ycTpoMCTBa k noAHMHeHHOMy 
ycTpoMCTBy; cpeACTBO Ana nepeAaHM TaKTOBoro 
CMTHana BeAymero ycTpoMCTBa k noAHMHeHHOMy 
ycTpoMCTBy m cpeACTBO flxia ocymecTBneHMa 

CB33M C nOAHMHeHHblM yCTpOMCTBOM 

nocpeACTBOM BMpTyanbHoro KaHan a co 

CKaHK006pa3HblM M3MeHeHMeM HaCTOTbl. 

l~IOAHMHeHHOe yCTpOMCTBO COAep>KMT cpeACTBO 

Ana npMeMa aApeca BeAymero ycTpoMCTBa ot 
BeAymero ycTpoMCTBa; cpeACTBO Ana npMeMa 
TaKTOBoro CMmana BeAyLAero ycTpoMCTBa ot 
BeAymero ycTpoMCTBa m cpeACTBO Ana 
ocymecTBneHMa CBasM c BeAym MM ycTpoMCTBOM 
nocpeACTBOM BMpTyanbHoro KaHana co 
CKan KooSpasH bi m M3MeHeHMeM HacTOTbi. KpoMe 
Toro, b AaHHOM BapMaHTe ocymecTBneHMa 
SecnpoBOAHOM ceTM nocneAOBaTenbHOCTb 
CKaHKOo6pa3Horo MSMeHeHMa HacTOTbi 
BMpTyanbHoro KaHana co CKanKoo6pa3HbiM 
M3MeHeHMeM HacTOTbi aBnaeTca cjDyHKUMeM 
aApeca BeAyL^ero ycTpoMCTBa; a a>a3a 
nocneAOBaTenbHOCTM CKanKoo6pa3Horo 
M3MeHeHMa HacTOTbi BMpTyanbHoro KaHana co 

CKaHK006pa3HblM M3MeHeHMeM HaCTOTbl 

aBnaeTca qbyHKi^MeM TaKTOBoro CMmana 
BeAyiAero ycTpoMCTBa. 

CornacHO APyroMy acneKTy M3o6peTeHMa 
BeAyLAee ycTpoMCTBO b 6ecnpoBOAHOM ceTM 
AononHMTenbHO coAep>KMT cpeACTBO Ana 
nepeAaHM coo6u^eHMa 3anpoca, Tpe6yK3iAero 
aApeca noAHMHeHHoro yorpoMCTBa ot 
noAHMHeHHoro ycTpoMCTBa; a noAHMHeHHoe 
ycTpoMCTBO AononHMTenbHO coAep>KMT cpeACTBO 
Ana npMeMa coo6meHMa 3anpoca m cpeACTBO 
Ana OTBeTa Ha coo6iAeHMe sanpoca Ana 
nepeAaHM aApeca noAHMHeHHoro yorpoMCTBa k 
BeAyLAeMy ycTpoMCTBy. 

CornacHO APyroMy acneKTy M3o6peTeHMa 
BeAyiAee ycTpoMCTBO b 6ecnpoBOAHOM ceTM 
AononHMTenbHO coAepKMT cpeACTBO Ana 
npMeMa MHqbopMai4MM 06 aApece noAHMHeHHoro 
ycTpoMCTBa m TononorMM ot 6onee neM OAHoro 
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noflHHHeHHoro ycTponcTBa m cpeACTBO Ana 
4)opMi/ipoBaHHfl flepeBa KOHcjDMrypai^MM MCXOAa 
M3 HHcJ^opMai^nH 06 aflpece i/i Tononornn. 

CornacHO eu^e oflHOMy acneKTy H3o6peTeHna 
MHcjDopMai^ufi 06 aApece noAHMHeHHoro 
ycTpoMCTBa m Tononornn BKmonaeT 
co6cTBGHHbiM aApec ot Ka>KAoro \A3 oonee neM 
oflHoro noAHUHGHHoro yorpoMCTBa m TonbKO 
cnHCKH aflpecoB nepBoro nopaAKa ot Ka>Kfloro M3 
Sonee hbm OAHoro noflHUHeHHoro yorpoMCTBa, a 
cpeACTBO Ana cjDopMnpoBaHUJR AepeBa 
KOHCjDMrypaL^HM MCXOA^ H3 MHCjX>p Malawi 06 

aApece n Tononornn coAepwm cpeACTBO Ana 

CjDOpMMpOBaHMfl n KOHei4 CBa3HOCTM H3 CnUCKOB 

aApecoB nepBoro nopaAKa, rAe n 
nono>KHTenbHoe i^enoe nucno, npuneiwi cpeACTBO 
Ana cjDopMnpoBaHna cjDopMnpyeT Ka>KAoe H3 

KOJieLi, CBH3HOCTH B COOTBeTCTBHH C npaBUJIOM, 
HTO KOflbl^O CBA3HOCTM C 6onee BblCOKUM 
HOMepOM He MO>KeT BKJIfOHaTb ycTpoficTBa, 

npeACTaBJi?iK3LAne yanbi, KOTopbie y>Ke Sbinn 
npeACTaBJieHbi y3noM b Konbi4e cbashocth c 
6onee HOMepoM. 

B ApyroM bo3MO>khom BapMaHTe cpeACTBO 
Ann cfopMnpoBaHMfl A^peBa KOHcfwrypaLJ.MM 
McxoAa H3 HHcjDopMai4HM 06 aApece m Tononon/iH 
coAep>KHT cpeACTBO Ana qbopMMpoBaHMa n 
KOJiei^ cb?13hoctm \A3 cnncKOB aApecoB nepBoro 
nopaAKa, rAe n - nono>KHTejibHoe uenoe HMcno, 
npMHeM cpeACTBO Ana cfcopMMpoBaHMa 
cjDopMnpyeT Ka>KAoe M3 Konei4 cba3hocth c 
yneTOM Konbu,a cb^3hoctm c TeKyui,MM HOMepoM, 
MMeioLL\ero nopo>KAaK)Li4Me y3nbi, n BKnioHaa b 
Konbi^e cb?13hoctm co cneAyfomMM oonee 
BbicoKUM HOMepoM Te ysnbi, npeACTaBHflK)Lnne 
Bee nopo>KAaeMbie y3fibi no potato lu,mx y3JioB, 
KOTopbie yAOBneTBopnK3T cneAyfOLUHM 
npaBunaivi: HMKaKotf M3 y3noB-noTOMKOB He 
MoxeT npeACTaBJiflTb to >Ke caivioe yorpoMCTBO, 
hto m npeACTaBJieHHoe nopo>KAafOLi^MM y3noM; 
hm oamh M3 y3J~ioB-noTOMKOB nfoooro 
nopo>KAeHHoro y3na nopo^aioiAero y3na He 
MoxeT npeACTaBnaTb to >Ke caMoe ycTpotfcTBO, 
hto n jiioSom M3 nopo>KAeHHbix ysnoB AaHHoro 
nopo>KAaK)Lnero y3na; m hh oamh M3 
nopo>KAeHHbix ysnoB nfoo"oro nopo^aioLAero 
y3na He MO>KeT MMeTb to >Ke caiwoe uma, hto m 
nfoooM ApyroM nopo>KAeHHbiM y3en ynoMaHyToro 
nfoGoro nopo>KAaiOLnero y3iia. 

CornacHO eLU,e OflHOMy acneKTy M3o6peTeHna 
6ecnpoBOAHoe yorpoMCTBO, npeAHa3HaneHHoe 
Ana ncnonb30BaHna b oecnpoBOAHOM ceTH, 
MMeioLueM pacceaHHyio TononorMfo, coAep>KHT 
cpeACTBO Ana npneivia MHcjuopMai^nn aApeca m 
TononoruM ot Ka>KAoro H3 paAa Apyrux 
6ecnpoBOAHbix yorpoMCTB n cpeACTBO Ana 
cf)opMnpoBaHnn A©P©Ba KOHcjDMrypai^MM hcxoah 
M3 MHc|DopMai4MM aflpeca m TononorMM. 

CornacHO ei^e OflHOMy acneKTy i/i3o6peTeHns 
6ecnpoBOAHoe ycTpowcTBO AonoriHUTeribHO 
coAep>KMT cpeACTBO A-n^ Mcnorib30BaHM5q p,epeBa 
KOHc)DMrypai4MLi AJ~i3 onpeAeneHMfl MapmpyTa A-na 
coeAHHeHMfl Me>KAy AaHHbiM 6ecnpoBOAHbiM 
ycTpoMCTBOM n no MeHbLiiew Mepe oahmm M3 
Apyrux 6ecnpoBOAHbix ycTpoMCTB. 

CornacHO eLU,e OAHOMy H3 acneKTOB 
6ecnpoBOAHoro ycTpowcTBa, cooTBeTCTByfOLU,ero 
M3o6peTeHHK), MH0opMai4nn 06 aApece n 
TonojiorMM BKfiHDHaeT co6cTBeHHbiM aApec ot 
Kaa<Aoro M3 6onee HeM OAHoro ycTpoMCTBa n 
TonbKO cnncKM aApecoB nepBoro nop^AKa ot 
Ka>KAoro M3 ocTaribHbix ycTpoMCTB, a cpeACTBO 
Ana cfopMnpoBaHna p,epeBa KOHCpurypai^MH 
ncxoAa H3 HHc]DopiviaL4HM 06 aApece m Tononornn 
coAep>KHT cpeACTBO ati^ c|3opMnpoBaHMfl n 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



Konei^ CBA3HOCTH H3 cnncKOB aApecoB nepBoro 
nopflAKa, rAe n - nonowi/iTejibHoe L4enoe hucjio, 
npuneM cpeACTBO Ana cj^opMnpoBaHna 
cfopMnpyeT Ka>KAoe H3 Konei_| CBa3HOCTM b 

COOTBeTCTBMM C npaBUJIOM, MTO KOJlbl^O 
CBa3HOCTM C 6CJiee BblCOKMM HOMepOM He MO>KeT 

BKJiioHaTb ycTpoMCTBa, npeACTaBnaioLAne y3Jibi, 
KOTopbie yxe 6binn npeACTaBneHbi y3JioM b 
Koribue CBa3HOCTM c 6onee hm3kmm homgpom . 

CornacHO eu^e OAHOMy H3 acneKTOB 
6ecnpoBOAHoro yorpoticTBa, cooTBeTCTByraLAero 
M3o6peTeHHHD, HHclDopMai^na 06 aApece n 
TononoruM BKrifonaeT co6cTBeHHbiM aApec ot 
Ka>KAoro H3 6onee neivi OAHoro ycTpowcTBa m 
TonbKO cnncKM aApecoB nepBoro nopaAKa ot 
Ka>KAoro H3 ocTaribHbix ycTpoPicTB, a cpeACTBO 
Ana 0>opMMpoBaHna AepeBa KOHcjDnrypannn 
ncxoAa H3 HHctoopMai^MM 06 aApece w TononoruM 
coAep>KHT cpeACTBO Ana cpopMnpoBaHwa n 
Koneu CBa3HOCTH M3 cnncKOB aApecoB nepBoro 
nopaAKa, rAe n - nono>KHTejibHoe nenoe hmcjio, 
npuneM cpeACTBO Ana cjDopMnpoBaHna 
cjDopMnpyeT Ka>KAoe M3 Koneu CBa3HOCTH c 
yneTOM Konbi^a CBa3HOCTM c TeKyu^MM HOMepoM J 
MN/ieHDU^ero nopo>KAaioLAne ysnbi, m BKntoHaa b 
Konbi4e CBa3HOCTM co cneAyraiAMM Sonee 
BbicoKMM HOMepoM Te y3J"ibi, npeACTaBnafOLAne 
Bee nopo>KAaeMbie y3nbi nopo>KAafOLL^nx y3noB, 
KOTopbie yAOBJieTBopafOT cneAyiOLAUM 
npaBunaM: HMKaKOM M3 y3noB-noTOMKOB 
nopo>KAaioLAero y3Jia He MO>KeT npeACTaBnaTb to 
>Ke caMoe ycTpoMCTBO, hto m npeACTaBneHHoe 
nopo>KASi^LHHM y3noM; hm oamh H3 
y3noB-noTOMKOB riKDSoro nopo>KAeHHoro y3na 
nopo>KAaK)LAero y3Jia He MO>KeT npeACTaBnaTb to 
>Ke caMoe yCTpOMCTBO, mto m jik36om H3 
nopo>KAeHHbix y3noB nopo>KAaioLAero y3na; m hm 
oamh M3 nopo>KAeHHbix y3JiOB Jiio6oro 
nopo>KAafOLAero y3na He MO>KeT MMeTb to >Ke 
caMoe MMa, hto m jikooom ApyroM nopo>KAeHHbiM 
y3en ynoMaHyToro j~ito6oro nopo>KAaioLi4ero y3na. 

CornacHO APyroMy acneKTy M3o6peTeHMa 
cnoco6 cf)opMMpoBaHMa A^peBa CBa3HOCTM Ana 
Mcnorib30BaHMa npM onpeAeneHMM MapiupyTa 
coeAMHeHMa Me>KAy nepBbiM 6ecn poboah bi m 
ycTpoMCTBOM m Jiio6biM M3 HMCJia ApyrMX 
6ecnpoBOAHbix ycTpoMCTB BKnfOHaeT cneAyraLAne 
3Tanbi: npMeM nepBbiM 6ecnpoBOAHbiM 
ycTpoMCTBOM MHqbopMai^MM 06 aApece m 
TonoriorMM ot Ka>KAoro M3 ApyrMX 6ecn poboah nx 
ycTpoMCTB, npMHeM MHc|DopMai4Ma 06 aApece m 
TononorMM BKfihOHaeT co6cTBeHHbiM aApec ot 
Ka>KAoro M3 ApyrMX SecnpoBOAHbix yCTpOMCTB M 
TonbKO cnMCKM aApecoB nepBoro nopaAKa ot 
Ka>KAoro M3 Apyn/ix 6ecnpoBOAHbix ycTpoMCTB, m 
cjDopMMpoBaHMe b nepBOM 6ecnpoBOAHOM 
ycTpoMCTBe n Konei^ CBa3HOCTM M3 ciimckob 
aApecoB nepBoro nopaAKa, rAe n 
nono>KMTenbHoe Ljejioe hmcjio, npMHeM Ka>KAoe 
M3 KoneL4 CBasHOCTM cjDopMMpyeTca b 

COOTBeTCTBMM C npaBMJlOM, HTO KOJlbU.0 
CBa3HOCTM C 6onee BblCOKMM HOMepOM He MO>KeT 

BKJiioHaTb ycTpoMCTBa, npeACTaBfiaioLAMe y3ribi, 
KOTopbie y>Ke GbiriM npeACTaBneHbi y3noM b 
Konbi^e CBa3HOCTM c 6onee hm3kmm HOMepoM. 

CornacHO ApyroMy acneKTy M3o6peTeHMe 
OTHOCMTca k cnocoGy cpopMMpoBaHMa AepeBa 
CBa3HOCTM Ana Mcnonb30BaHMa npM 
onpeAeneHMM MapujpyTa coeAHHeHMa Me>KAy 

nepBbiM 6ecnpOBOAHblM yCTpOMCTBOM M J1HD6blM 

M3 HMcna ApyrMX 6ecnpoBOAHbix ycTpoMCTB. 
Cnoco6 BKnHDHaeT cneAytoiAMe STanbi: npMeM 
nepBbiM 6ecnpoBOAHbiM ycTpoMCTBOM 
MHQbopMai4MM 06 aApece m TononorMM ot 
Ka>KAoro M3 ApyrMX 6ecnpoBOAHbix ycTpoMCTB, 
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npuneM MHc|DopMai4i/ia 06 aApece m Tononornn 
BKnfonaeT co6cTBeHHbifi aApec ot Ka>Kfloro 1/13 
flpyrux 6ecnpoBOAHbix yorpoticTB n TonbKO 
cnncKH aflpecoB nepBoro nopaAKa ot Ka>KAoro H3 
flpyrux 6ecnpoBOflHbix ycTpoMCTB, m 
cfiopMnpoBaHne b nepBOM o"ecnpoBOAHOM 
ycTpoMCTBe n Konei^ CBa3Hoc™ H3 cnncKOB 
aflpecoB nepBoro nopaAKa, rAe n 
nono>KMTejibHoe i^enoe hhcjio, npuneivi Ka>Kfloe 
M3 KOJiei^ CBfl3HOCTH qbopMwpyeTca c yneTOM 
KOJ1bl4a CBfl3HOCTM C TeKyLi^HM HOMepOM, 

MMeioLi^ero nopoKflafou^Me y3Jibi, v\ BKnfonaa b 
Konbi4e CBa3H0CTH co crieflyfomuM oonee 
BbicoKHM HOMepoM Te yanbi, npeflCTaBJiflHDLAne 
Bee nopo>KAaeMbie y3nbi nopo>KAaK3LL^nx y3noB, 
KOTopbie yAOBneTBopfiKJT cneAyfOLHHM 
npaBunaw: HHKaKOM H3 ysnoB-noTOMKOB 
nopo>KAafOLnero y3na He mokst npeACTaBnaTb to 
>Ke caivioe ycTponcTBO, hto n npeACTaBneHHoe 
nopo>KAafOLAMM y3JiOM; hm oahh M3 
ysnoB-noTOMKOB nfoooro nopo>KA6H hoto y3na 
nopo>KAafOLnero y3na He MO>KeT npeACTaBnaTb to 
>Ke caivioe ycTpoFicTBO, hto h jihd^om H3 
nopo>KASHHbix y3noB nopo>KAa^u4ero y3na; n hh 
oahh M3 nopo>KAOHHbix y3JiOB ntoooro 
nopo>KAaHDLi4ero y3na He MoweT MMeTb to >Ke 
caivioe Mivm, mto m jiioGom Apyrow nopo>KAeHHbiM 
y3en ynoMaHyToro nfoo"oro nopo>KAafOLi4ero y3na. 

CornacHO Apyroiviy acneKTy M3o6"peTeHna 
oecnpoBOAHaa ceTb, nMetoiAaa pacceaHHyio 
TononorMK), coa©P>kmt nepBoe BeAymee 

yCTpOMCTBO, BTOpoe BeAyiA^ yCTpOMCTBO, 

nepBoe noA^HHeHHoe yorpoCicTBO h BTopoe 
noA^HHeHHoe ycTpoMCTBO. nepBoe BeAym.ee 
ycTpowcTBO coAep>KMT cpeACTBO Ana nepeAaMM 
aApeca nepBoro BeAy^ero ycTpoficTBa k 
nepBOMy noA^HHeHHOMy ycTpoficTBy; cpeACTBO 
Ann nepeAanw TaKTOBoro ckimana nepBoro 
Beflyinero ycrpowcTBa k nepBOMy noflHMHeHHOMy 
ycTpowcTBy m cpeACTBO Ann ocyLAecTBneHHa 

CBH3M C nepBbIM nOAHMHeHHbIM yCTpOMCTBOM 

nocpeACTBOM nepBoro BnpTyanbHoro KaHana co 
CKaHKOo6pa3HbiM M3MeHeHneivi nacTOTbi. riepBoe 
noAMUHeHHoe ycTpoficTBO coAep>KHT cpeACTBO 
Ana npnewa aApeca nepBoro BeAymero 
ycTpoPicTBa ot nepBoro BeAymero ycTpoPicTBa; 
cpeACTBO Ann npi/ieiwa TaKTOBoro ci/irHana 
nepBoro BeAyu^ero ycTpoMCTBa ot nepBoro 
BeAyi-Mero ycTpoMCTBa w cpeACTBO Ann 
ocyLAecTBneHMfl CBa3H c nepBbiM BeAyi-MMM 
ycTpowcTBOM nocpeACTBOM nepBoro 

BnpTyanbHoro KaHana co CKaHKOo6"pa3HbiM 
M3MeHeHneM nacTOTbi. BTopoe BeAymee 
ycTpowcTBO coAep>KHT cpeACTBO Ana nepeAaMM 
aApeca BToporo BeAyi^ero ycTpoMCTBa ko 
BTopoiviy noAMHHeHHOMy ycTpoMCTBy; cpeACTBO 
Ana nepeAann TaKTOBoro CHmana BToporo 
BeAyi^ero ycTpoPicTBa ko BTopoiviy 
noA^HHeHHOMy ycTpoMCTBy n cpeACTBO Ann 

OCyLAeCTBneHMfl CBa3M C BTOpbIM nOAHMHeHHbIM 

ycTpowcTBOM nocpeACTBOM BToporo 

BnpTyanbHoro KaHana co CKaHKOo6pa3HbiM 
M3MeHeHneM nacTOTbi. BTopoe noA^i/iHeHHoe 
ycTpoMCTBO coAep>KMT cpeACTBO Ana npneMa 
aApeca BToporo BeAyu-iero ycTpoMCTBa ot 
BToporo BeAymero yorpoiicTBa; cpeACTBO Ana 
npneMa TaKTOBoro curHana BToporo BeAymero 
ycTpoPicTBa ot BToporo BeAyi-Uero ycTpoPicTBa n 
cpeACTBO Ana ocyu4ecTBneHna CBa3M co BTOpbiM 
BeAyu^MM ycTpoticTBOM nocpeACTBOM BToporo 
BMpTyanbHoro KaHana co CKanKoo6pa3HbiM 
M3MeHeHneM nacTOTbi. KpoMe Toro, b 
6ecnpoBOAHOM ceTM nepBaa 

nocneAOBaTenbHOCTb CKa4Koo6pa3Horo 
M3MeHeHna MacTOTbi nepBoro BnpTyaribHoro 
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KaHana co CKan Koo6pa3HbiM M3MeHeHneM 
nacTOTbi SBfiaeTca cjDyHKL^efi aApeca nepBoro 
BeAyiMero ycTpoMCTBa; a cf)a3a nepBOM 
nocneAOBaTeiibHOCTH CKaHKOo6pa3Horo 
H3MeHeHna nacTOTbi nepBoro BnpTyaribHoro 
KaHana co CKaMKOo6pa3HbiM M3MeHeHi/ieM 
•nacTOTbi flBnaeTCfi c^yHKi^neii TaKTOBoro curHana 
nepBoro BeAymero ycTpoMCTBa; BTopaa 
nocneAOBaTenbHOCTb CKanKoo6pa3Horo 
n3MeHeHwa nacTOTbi BToporo BnpTyanbHoro 
KaHana co CKan Koo6pa3HbiM M3MeHeHneM 
nacTOTbi ^BnaeTca cjDyHKi^neM aApeca BToporo 
BeAyiMero ycTpowcTBa; a c|Da3a btopom 
nocneAOBaTenbHOCTb CKanKoo6pa3Horo 
M3MeHeHna nacTOTbi BToporo BnpTyanbHoro 
KaHana co CKanKoo6pa3HbiM M3MeHeHneM 
nacTOTbi ABnaeTCfi cjDyHKi^i/iefi TaKTOBoro curHana 
BToporo BeAyLL^ero ycTpoPicTBa; npn stom 
TaKTOBbiPi cuman nepBoro BeAyLMero ycTpoPicTBa 
HeKoopAHHnpoBaH c TaKTOBbiM cumanoM 
BToporo BeAyi-Mero ycTpoMCTBa, a nepBbiM 
B^pTyanbHbiM KaHan co CKaHKOo6pa3HbiM 
n3MeHeHneM nacTOTbi ncnonb3yeT tot >Ke caMbiki 

CneKTp MaCTOT paAMOCBfl3H 3 HTO M BTOpOM 

BnpTyanbHbiti KaHan co CKanKoo6pa3HbiM 
n3MeHeHneM nacTOTbi. I~lpn TaKOM BbinonHeHMM 
nepBbiM BMpTyanbHbiM KaHan co 

CKaHK006pa3HblM M3MeHeHMeM nacTOTbi OTnuneH 

ot BToporo BMpTyanbHoro KaHana co 

CKaHK006pa3HblM M3MeHeHMeM HaCTOTbl, HTO 

o6ecneHMBaeT ocyiAecTBneHne CBa3M Me>KAy 
nepBbiM BeAymuM ycTpoficTBOM n nepBbiM 
noAHMHeHHbiM ycTpoMCTBOM no cymecTBy 6e3 
co3AaHna noMex ocyu^ecTBneHMK) CBa3M Me>KAy 

BTOpbIM BeAyL^MM yCTpOMCTBOM H BTOpbIM 
nOAHMHeHHbIM yCTpOMCTBOM. 

CornacHO ApyroMy acneKTy nsoGpeTeH^n 
Ka>KAoe H3 ynoM^HyTbix nepBoro n BToporo 
BeAyLAMX ycTpoMCTB b 6ecnpoBOAHOM ceTM 
AononHHTenbHO coAep>KMT cpeACTBO Ana 
nepeAann coo6LueHna 3anpoca, TpeSyfomero 
aApeca noAHUHeHHoro ycTpoficTBa ot nepBoro m 
BToporo noAHUHeHHbix ycTpoMCTB. KpoMe Toro, 
Ka>KAoe M3 ynoM^HyTbix nepBoro n BToporo 
noAHUHeHHbix ycTpoMCTB AononHHTenbHO 
coAep>KMT cpeACTBO Ana npneMa coo6ineHna 
3anpoca v\ cpeACTBO Ana OTBeTa Ha coo6LneHne 
sanpoca Ana nepeAann aApeca noAHMHeHHoro 
ycTpoPicTBa k nepBOMy n BTopoMy BeAyL^MM 
ycTpoticTBaM. 

CornacHO ApyroMy acneKTy H3o6"peTeHna 
Ka>KAoe H3 ynoMaHyTbix nepBoro n BToporo 
BeAyiMux ycTpoMCTB b GecnpoBOAHofi ceTM 
AononHHTenbHO coAep>KMT cpeACTBO Ana 
npneMa MHcjDopMai^MM 06 aApece n Tononornn ot 
6onee neM OAHoro noA^nHeHHoro ycTpoMCTBa n 
cpeACTBO Ana qbopMHpoBaHMa AepBBa 
KOHqonrypai^nn ncxoAa M3 nHcjDopMai^Mn 06 
aApece m Tononornn. 

CornacHO eu^e OAHOMy acneicry M3o6peTeHna 
Ka>KAoe H3 ynoMaHyTbix nepBoro n BToporo 
Be Ay mux ycTpoMCTB AononHMTenbHO coAep>KHT 
cpeACTBO Ana ncnonb30BaHna AepeBa 
KOHclDnrypai^nn Ana onpeAeneHna MapiupyTa Ana 
coeAHHeHna Me>KAy nepBbiM n BTopbiM 
BeAymuMn ycTpoticTBaMn n cooTBeTCTBeHHO 

nepBbiM M BTOpbIM nOAHMHeHHbIMM 

ycTpoPicTBaMn. 

CornacHO eu^e OAHOMy acnenry n3o6peTeHua 
MHQbopMai4Ma 06 aApece noAHMHeHHoro 
ycTpoMCTBa n Tononornn BKrifonaeT 
co6cTBeHHbiM aApec ot Ka>KAoro M3 6onee neM 
OAHoro noAHMHeHHoro ycTpoMCTBa n TonbKO 
cnncoK aApecoB nepBoro nopaAKa ot Kax<Aoro H3 
6onee HeM OAHoro noA^HHeHHoro ycTpoficTBa, a 
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cpeACTBO Anfl cjDopivinpoBaHUJR flepeBa 

KOHC|DMrypaL4MM MCXOflfl H3 HHCjDOpMai4MM 06 

a,qpece w Tononornn coAepwnT cpeACTBO AJifl 

Cf)OpMUipOBaHMfl n KOJiei^ CBfl3HOCTM H3 CnUCKOB 

aApecoB nepBoro nopaflKa, rAe n 
nono>KHTenbHoe i^enoe •-inc.no, npuneiwi cpeACTBO 
Ana a>opMnpoBaHi/m c(3opMnpyeT Ka>KAoe 1/13 

KOJiei4 CBH3HOCTM B COOTBGTCTBUM C npaBMJlOM, 
HTO KOJIbl^O CBH3HOCTM C 6oiiee BblCOKMM 
HOMepOM He MO>KeT BKJIfOHaTb yCTpOMCTBa, 

npeACTaBJiflKJLAne yanbi, KOTopbie y>Ke 6binn 
npeACTaBJieHbi y3noM b Konbi^e cba3hocth c 
6onee hh3khm HOMepoM. 

B APyroM acneKTe H3o6peTeHMfl, 
MHcjDopMai^ufi 06 aApece n Tononornn b 
6ecnpoBOAHOM ceTM BKJiiOHaeT co6cTBeHHbii?i 
aApec ot Ka>KAoro M3 6onee HeM OAHoro 
noAMUHeHHoro ycTpowcTBa n ToxibKO cnncKH 
aApecoB nepBoro nopflAKa ot Ka>KAoro H3 6oriee 
HeM OAHoro noAHMHeHHoro ycTponcTBa. Kpoivie 
Toro, cpeACTBO Arm qbopMHpoBaHUfl A^pesa 

KOHO>Mrypai4HM hcxoaa H3 MHCjDOpMai^HM 06 

aApece n Tononorwn coAep>KHT cpeACTBO atia 

0OpMMpOBaHM3 n KOJiei^ CBfl3HOCTM H3 CnUCKOB 

aApecoB nepBoro nopHAKa, rAe n 
nono>KMTejibHoe i^enoe Hnc.no, npuneiwi cpeACTBO 
Ana cfjopMnpoBaHUfl cfopivinpyeT Ka>KAoe H3 

KOJiei-l CBS3HOCTH C yHeTOM KOflbl^a CBFI3HOCTI/1 c 

TeKyu4MM HOMepoM, HMewLAero nopoKAafomne 
yanbi, n BKJifOHafl b KonbLje cbh3hocth co 
cneAyK)LLiHM 6oriee bhcokhm HOMepoM Te y3nbi, 
npeACTaBJiflHDLAne Bee nopo>KAaeMbie y3ribi 

nopO>KAaHDLAHX y3J!OB, KOTOpbie yAOBJieTBOp?IK)T 

cneAywDU^HM npaBunaM: HnKaKon H3 
y3noB-noTOMKOB He MO>fceT npeACTaBJi^Tb to xe 
caMoe ycTpoMCTBO, hto h npeACTaBneHHoe 
nopo>KAaK)LHMM y3noivi; hm oamh M3 
y3noB-noTOMKOB nroooro nopo>KAeHHoro y3iia 
nopo>KAaK:Li4ero y3na He MO>KeT npeAcraBrmTb to 
>Ke CaMOe yCTpOMCTBO, hto m jihdoom H3 
nopo>KAeHHbix y3noB nopoKAa^Lnero y3na; n hh 
oahh M3 nopo>KAeHHbix y3JiOB nfo6oro 
nopo>KAaKDLAero y3na He MoweT MMeTb to >Ke 
caMoe MMfl, hto m nio6oM APyrow nopo>KAeHHbiM 
y3en ynoM^HyToro nfo6oro nopoKAafomero y3na. 

KpaTKoe onucaHne nepTewew 

3aAaMM \a npeHMymecTBa M3o6peTeHM?i 
noacHflfOTCfi b nocneAyiOLAeM noApoSHOM 
onucaHnn, uruifocTpupyKJTC^ nepTewaMW, Ha 
KOTopbix npeACTaBneHO aneAyroi-uee: 

c>nr.1 - 6noK-cxeMa ceTH, 
3Be3Aoo6pa3HyK) TononoruK); 

cjDnr.2 - orioK-cxeMa ceTH, 
Konbi^eByK) Tononornto; 

qbnr.3 - 6noK-cxeMa ceTH, 
AHencTyK) TononornKi; 

qbur. 4 - nnriK)CTpaL\HFi 6ecnpoBOAHOM 
noKajibHoPi ceTH, nivietoLL^ePi pacce^HHyio 
Tonojiorura, cooTBeTCTByKJU^ePi OAHOMy M3 
acneKTOB M3o6peTeHkm; 

cjDnr. 5a - M3o6pa>KeHne 
noKaribHOLi ceTH, ncnorib3yfOLAeM 
MAeHTMHHbM cpeA© nepeflaHM; 

cjDnr. 5b - M3o6pa>KeHMe 
noKanbHOM ceTH, b KOTopow cpeAa nepeAa^n 
pa3AeneHa Ha HecKoribKO cy6KaHanoB; 

cf)nr. 5c - M3o6pa>KeHne noKanbHOM ceTH, 
KOTopaa Mcnorib3yeT MHoroKaHaribHbm ncflxofl, b 

COOTBeTCTBM H C OAHMM M3 acneKTOB 

n3o6peTeHM«; 

c|Dnr. 6a - M3o6pa>KeHMe nuKoceTH, 
cooTBeTCTByroii^eM OAHOMy H3 acneKTOB 
M3o6peTeHna, b KOTopofi A Ba SecnpoBOAHbix 
ycTpoPicTBa J He HaxoAflmi/iecfl b 30He neticTB\A9\ 
Apyr Apyra, ocyLi^ecTBJiflHDT cBfl3b >-iepe3 
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npoMe>KyTOHHoe 6ecnpoBOAHoe ycTpoMCTBO, 

KOTOpoe HaXOAMTCfl B 30He ASMCTBMSR Ka>KAOI~0 M3 

ocTaribHbix 6ecnpoBOAHbix ycTpoMCTB m KOTopoe 
AewcTByeT b Ka^ecTBe BeAymero ycTpoMCTBa 
nuKoceTn; 

cpnr.6b - MnnHDCTpai^nfl aribTepHaTHBHoro 
BapnaHTa ocyLAecTBneHna n3o6peTeHMfl, 
cornacHO KOTopoiviy Asa 6ecnpoBOAHbix 
ycTpoMCTBa, He HaxoA^Li^Mecn b 30He as^ctbha 
Apyr Apyra, ocyu^ecTBri^fOT CB^3b nepe3 
npoMe>KyTOHHoe 6ecnpoBOAHoe ycTpoMCTBO, 
KOTopoe HaxoAMTCfl b 30He Ae^cTBMfi Ka>KAoro M3 
ocTaribHbix 6ecnpoBOAHbix ycTpoMCTB m KOTopoe 
AewcTByeT b KanecTBe MocTa Me>KAy AByiwa 
nuKoceT^Mn; 

cf)nr. 7 - n3o6pa>KeHne npi/iMepHOM 
KOHcf3Mrypai4HM 3 unnfocTpupyjoLi^eCi npoi4eAypy 
3anpoca, cooTBeTCTByfOLnyto OAHOMy H3 
acneKTOB M3o6peTeHM5q; 

ct>nr. 8 - M3o6pa>KeHMe pacninpeHHOM 
npoi4eAypbi 3anpoca b cooTBeTCTBMH c ApyruM 
acneKTOM M3o6peTeHnn; 

cjDnr. 9 - n3o6pa>KeHne AepeBa cb?13hoctm 
nepoBoro Tuna cornacHO OAHOMy M3 acneKTOB 
M3o6peTeHMJi; 

0nr.1O - M3o6pa>KeHne AepeBa cbashoctm 
BToporo Tuna cornacHO Apyroiwy acneKTy 
M3o6peTeHM?i; 

cjDMr.H - nnrifocTpai4Hfi ncnorib30BaHMiR 
AepeBa cb?13hoctm Ana onpeAeneHMfl 
B03M0>KHbix MapujpyTOB pf\5\ ocyiAecTBneHna 

COeAHHeHMfl, B COOTBeTCTBMM C OAHMM H3 

acneKTOB M3o6peTeHMfl; 

0nr. 12 - 6noK-cxeMa cucTeMbi, 
peanui3yK)LJ4eM pa3nnHHbie npn3HaKH, 
cooTBeTCTByfoiAne n3o6peTeHMK). 

fleTanbHoe onwcaHne 

M3o6peTeHMe onkicbiBaeTca HM>Ke co 
ccbiriKaMM Ha nepTe>KH, Ha KOTopbix OAHHaKOBbie 
aneMeHTbi o6o3HaMeHbi OAMHaKOBbiMM 

CCblJlOHHblMkl n03HL4M3MH. 

KaK ynoM^HyTO npn onucaHnn 
npeALiiecTByHDLi^ero ypoBHfl TexHMKM, 
TpaAMi4HOHHbiCi OAHOKaHaribHbiM noAXOA k 
jioKaribHbiM ceTaivi xapaKTepn3yeTCfi Teiw, hto 
Bee ycTpoMCTBa MoryT npuHMMaTb bckd 
MHcjDopMai^MK), nepeAaBaeMyio no KaHany 
CjieAOBaTejibHO, ceTb MO>KeT HMeTb Tononornfo 
Tuna 3Be3Abi, KaK noKa3aHO Ha cpMr.1, Koribi^a, 
KaK noKa3aHO Ha qbnr.2, mjih SHencTyro 
Tononornfo, KaK noKa3aHO Ha o>nr.3. B 
3Be3Aoo6pa3HoPi Tononornn KOHTponnep 
BeAyiMero ycTpoMCTBa, KOTopbiPi nnaHMpyeT Bee 
nepeAann, MO>KeT 6biTb pasMeujeH b i^eHTpe. B 
Konbi^eBoPi m flHewcTofi Tononorn^x 
npnMeH?ieTCfl 6onee pacnpeAeneHHoe 
ynpaBJieHne. flriFi npoBOAHbix noKaribHbix ceTefi 
b 6onbiuePi CTeneHU noAXOAflT 3Be3AOo6"pa3Hafl 
n KoribueBaa Tononornn, nocKoxibKy ohm 
MMHHMM3npyK5T o6i=eM Ka6eribHbix coeAMHeHMM. 
OAHaKO jqHencTaiR TonoriorMiR, npM kotopom oaho 

yCTpOMCTBO MOXeT OCyLAeCTBJl^Tb CB^3b CO 
MHORylMH APyTHMM yCTpOMCTBaMM , 

aBTOMaTunecKH B03HHKaeT b noKaribHbix ceT^x 
paAMOCBA3n BcneACTBue BceHanpaBneHHoro 
xapaKTepa pacnpocTpaHeHkia paAMOCMrHarioB. 
ripn TpaAMi^noHHbix TonoriorMflx, noKa3aHHbix Ha 
cjDMr.1, 2 n 3 Bee ycTpoPicTBa coeAMHFiioTCfi c 

Ka>KAblM W3 OCTaflbHblX yCTpOMCTB B ceTM. 

Ka>KAoe ycTpoMCTBO nocTO^HHO npocnyujMBaeT 
nepeAaHM BeAymero ycTpoMCTBa mjim 
KOHTponnpyeT TpacjDMK b KaHane. 3to 
npeAnoHTHTeribHO tskwx nepeAan, KaK 

LUMpoKOBeLAaTeribHbie nepeAann mjim 
MHoroaApecHbie nepeAann. OAHaKO TaKMe 
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npuMBHeHMii ncnonb3yioTCfl JiMLUb b TeneHne 
ManoM florin BpeivieHH. HanpoTi/iB, b 
SojibiunHCTBe npniwieHeHMCi TpeoyioTCfl ycnyrw c 
Mcnonb30BaHneM AByxToneHHbix coeAHHeHMCi 
nnn coeAHHeHUM ot oahom tohkh k MHO>KecTBy 
ToneK Me>KAy orpaHMMeHHbiM kojiumgctbom 

yCTpOMCTB, GB?13aHHblX C CeTbfO. fljlfl T3KMX 

npnivieHGHMCi oflHOKaHaribHbiM noAXOA 03HanaeT 
orpaHkineHne 3(|)c{dgktmbhoctm . 

l~l03TOMy B COOTBeTCTBUM C OflHMM H3 

acneKTOB M3o6"peTeHHfl HcnonbsyeTca 
MHoroKaHaribHbiM noflxoA, npw kotopom 
ycTpoficTBa, KOTopbie wenaHDT ocyLi^ecTBJi^Tb 
CBS3b, He Aon>KHbi o>KMflaTb CBo6oflHoro MecTa b 
KaHane, a BMecTO 3Toro ocymecTBnflKrr noncK 
CBo6oAHoro KaHana, KOTopbiM ohm MoryT 
HenocpeACTBeHHO ncnonb30BaTb. I~lpn TaKOM 
noAXOAe Bee nonb30BaTenn b cpeAHeM 
coBMecTHO ncnorib3yK)T Bee KaHaiibi b 
BbiAe-neHHOM cneKTpe nacTOT, ho ToribKO Manoe 
hmcjio noribsoBaTejieti ncnorib3yK)T KOHKpeTHbifi 
KaHan b KOHKpeTHbifi MOMeHT BpeMeHH. TaKUM 
nyTeM mo>kho ycTaHaBnuBaTb OAHOBpeiweHHO 
AeMCTByjoLi^ne KaHaribi cb^3m 6e3 co3AaHna 
noMex Apyr Apyry. MHoroKaHanbHbifi iioaxoa 
TaioKe o^ecnennBaeT B03MO>KHOCTb noBTopHoro 
ncnonb30BaHi/m KaHana; ecnn coeAHHeHHfl b 
AOdaTOHHOM CTeneHU pa3HeceHbi 

TeppnTopnanbHO, to ohm MoryT ncnonb30BaTb 
oahh v\ tot >Ke KaHan, He co3AaBaa 
3HaHHTenbHbix noMex Apyr Apyry. 

B TaKOM ceTH coeAMHeHbi ToribKO 
ycTpowcTBa, ocym.ecTB.rm tongue CBfl3b Apyr c 
ApyroM. Bcfl ceTb b u,enoM coctoht M3 
paccesqHHbix coeAMHeHUM nni/i pacceaHHbix 
cy6ceTefi (ni/iKoceTetf) n nosTOMy onpeAenfleTCfl 
3Aecb KaK MMefomaa pacce^HHyjo Tononon/ifo. 
flaHHaa KOHcjDMrypauMfi OTnunaeTca ot 
cyLAecTByfOLAMX npoBOAHbix JioKaribHbix cerew n 
6ecnpoBOAHbix noKanbHbix cere\A TeM, hto xoth 
cpeAa nepeAann (HanpuMep, cneKTp nacTOT 
LiinpuHOM 83,5 MTu, Ha nacTOTe 2,4 ITlQ 
coBMecTHO ncnorib3yeTCfi BceMU 
nonb30BaTenflMH, OAHaKO HHcjDopMau,HH, 
nepeAaBaeiviafl b cpeAe nepeAanw, He 
ncnonb3yeTcn coBMecTHO Bceiwn 
nonb30BaTeriflMH. BMecTO 3Toro co3AaioTCfl 
KaHaribi, \a Ka>KAbiM KaHan coBMecTHO 
ncnonb3yeTcn TonbKO KOHKpeTHbiMM 
ynacTHUKaivin , a nivieHHO Teivin, KOTopbie A°n>KHbi 
coBMecTHO ncnonb30BaTb nepeAaBaeiviyHD 

MHCjDOpMaU.HK). XOTfl Ka>KAOe yCTpOMCTBO 

noTeHunanbHO MO>KeT coeAHHATbca c Ka>KAbiM 
ApyruM ycTpoMCTBOM b npeAenax ero 30Hbi 
AewcTBMfl, oho He oyAeT OAHOBpeMeHHO 

COeAHH^TbCfl CO BCeMU TaKMMH yCTpOMCTBaMM B 

ero 30He AePicTBUfl. Mo>kho ycTaHaBnuBaTb 
MHO>KecTBO npon3BonbHbix coeAHHeHMM, Ka>KAoe 
M3 KOTopbix pa6oTaeT He3aBMCMMO. 

npniviep pacce^HHOw ceTH 401 , 
cooTBeTCTByioLneM M3o6peTeHMfo, noKasaH Ha 
4>nr. 4. Ha stom nepTewe noKasaHbi neTbipe 
cy6ceTM 403-1,..., 403-4. B Ka>KAOH cyoceTH 
403-x npuHMMajoT ynacTi/ie TonbKO Te 
ycTpoMCTBa, KOTopbie Ha caMOM Aene xenaKrr 
o6ivieHHBaTbca i/iHc£opMai4neM. Ka>KAafl cy6ceTb 
403-x HMeeT cbom co6cTBeHHbiPi BnpTyanbHbiCi 
KaHan, n TonbKO ynacTHUKH nuKoceTH 
copeBHywTCfl 3a nonyneHne cooTBeTCTByfOLAero 
KaHana. Cy6ceTH 403-x cjDyHKi4H0HMpyiOT 
He3aBMcnivio no oTHOLueHMfo Apyr k Apyry. 

YCTpOMCTBa, ATlfl KOTOpblX HeT Heo6xOAMMOCTH B 

MHcfjopMai^noHHOM o6ivieHe (Hanpniviep, 
ycTpoPicTBO 8 Ha cjDnr.4), He ycTaHaBnuBaioT 
coeAHHeHMfl. OAHaKO 3tm ycTpoficTBa 
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nepnoAnnecKM CKaHnpyfOT cneKTp Ha Hannnne 
neMA>KMHroBbix coo6LAeHHM, HTo6bi ycTaHOBHTb 
HannHne APyroro ycTpoMCTBa, KOTopoe >KenaeT 

yCTaHOBMTb C HUM CBfl3b. 

flna MCKnhOHeHMiq B3anMHbix noiwex Me>KAy 
pa3nnHHbiMM coeAMHeHMflMM m cy6ceTflMH 403-x 
npuMeHfleTca HeKOTopaa cjDopivia aAanTHBHoro 
pacnpeAeneHMa KaHanoB \ah\a HeKOTopa^ cpopivia 
pacujupeHun cneKTpa. Ecnn npnivieHaeTCfl 
aAanTMBHoe pacnpeAeneHMe KaHanoB, to 
ycTpotiGTBa, >KenafOLAne ycTaHOBHTb 

COeAHHeHHfl, BbinonHflKDT H3MepeHMiR B 

pa3nnHHbix KaHanax n 3aTeM Bbi6npaioT 
HannyHLUMM KaHan (T.e. KaHan c HanMeHbUJUMM 
noMexaMM). AAanTHBHa^ cxeMa nivieeT, OAHaKO, 
HeKOTopbie HeAOCTaTKH no cpaBHeHnto c 
MeTOAaMH pacLUMpeHM^MM cneKTpa, 
onucaHHbiMn HH>Ke. Bo-nepBbix, MO>KeT 
OKa3aTbc?i saTpyAHMTenbHbiM nonynnTb 
HaAe>KHbie M3MepeHHfl b KaHane BcneACTBue 
WMnynbCHoro xapaKTepa TpacjDHKa A^HHbix. 
Bo-BTopbix, Aon>KeH ncnonb30BaTbca HeKOTopbiii 
MexaHH3M, o6ecneHMBaK)iAMPi ycTpotfcTBaM, 
>KenaK)LAHM ycTaHOBMTb CBa3b Apyr c ApyroM, 
B03MOKHOCTb Bbi6opa OAHoro m Toro >Ke 
HannyHiuero KaHana, hto flBnaeTCfl 
HeTpuBnanbHOM 3aAaneM. Hen36e>KHO 
ncnonb30BaHne i^eHTpanbHoro KOHTponnepa. B 
npoTHBonono>KHOCTb 3Toiviy 3 paciunpeHMe 
cneKTpa, TaioKe Tpe6yeMoe OeAepanbHOM 
KoMnccneM no KOMMyHMKai4M^M (FCC) b 
Henni4eH3npyeMOM nonoce nacTOT, noAoSHOM 
ISM-Anana30Hy Ha nacTOTe 2,4 rru,, 
xapaKTepw3yeT co6om 6onee npuBneKaTenbHbiM 
Ans ncnonb30BaHMfl MeTOA. 

B cnynae, KorAa ncnonb3yeTCfl iweTOA 
pacujupeHna cneKTpa, Ana pacTfln/iBaHi/m 
cneKTpa B3anMHbix noiviex MoxeT npwvieHsiTbCfl 
pacujupeHne cneKTpa nacTOT nyTeM np^Mow 
MOAynjRi4MM nocneAOBaTenbHOCTbfo nnn 
CKaHKOo6pa3Horo M3MeHeHM^ nacTOTbi. 

CoOTBeTCTByHDLAUM 3C)3HpHblM MHTepcjDeMC, 

ncnonb3yioLAnfi MeAneHHoe CKanKoo6pa3Hoe 
M3MeHeHne nacTOTbi (CUM) onucaH b 3a?iBKe Ha 
naTeHT CLUA 08/685069 Ha "CucTeMy 
paAHOCBA3H ManoPi AanbHOCTM AePiCTBUfl n 
cnocoo" ee ncnonb30BaHMfl", noAaHHOM 23 nfona 
1996 Ha MMfl Paul W.Dent m Jacobus 
C.Haartsen, nepeycTynneHHOM 3aflBMTenfo 
HacTOflLAeti 3aaBKH. B yKa3aHHOM 3aflBKe onucaH 
3cf)MpHbiPi HHTepcjDewc, KOTopbiPi o6ecnennBaeT 

yCTOMHUBOCTb no OTHOLUeHUhO K B3aHMHblM 

noMexaM ot hsxorruxwxcr p^aom 
nonb30BaTeneM, a TaioKe k ApyruM ncTOHHMKaM 
noiwex nyTeM npuwieHeHnq peKMMa 
CKaHKOo6pa3Horo M3MeHeHH^ nacTOTbi n cxeMbi 
6biCTpow noBTopHow nepeAa^M naKeTOB. 

CKaHKOo6pa3Hoe n3MeHeHne nacTOTbi no 
cpaBHeHMfo c pacLuwpeHneM cneKTpa 3a cneT 
npfiMoCi MOAynflu.nn nocneAOBaTenbHOCTbK) 
flBn^eTCfl npeAnoHTHTenbHbiM no u,enoMy p^Ay 
npHHMH. Bo-nepBbix, >KenaTenbHO HMeTb 

B03MO>KHOCTb yCTaHaBnHBaTb MHO>KeCTBO 

HaxoA^LAHXCfi b HenocpeACTBeHHO^ 6nn30CTM, 

HO HeKOOpAMHMpOBaHHblX COeAMHeHHM. B TaKOM 

cpeAe pacLUHpeHwe cneKTpa 3a cneT npfiMOM 
MOAyn?mnM nocneAOBaTenbHOCTbK) co3Aano 6bi 
pnA npo6neM, CBfl3aHHbix co CTeneHbto 
yAaneHHOCTM. MexaHH3M ynpaBneHi/m 
MOLAHOCTbKD He MO>KeT 6biTb peann30BaH M3-3a 
HeKoopAMHupoBaHHOCTM nepeAaTHUKOB. 
HannHne Hen3BecTHbix mctohhmkob noMex TaK>Ke 
noTpe6oBano 6bi Heo6xoAMMOCTM b 
OTHOCMTenbHO BblCOKOM BbinrpbiLue 3a cneT 
o6pa6oTKM m BbicoKofi nepeAaBaeMOM 
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MOL14HOCTM. BbicoKUM Kosc|Dc|3ni4MeHT paciuHpeHna 
cneKTpa, kotophm CBfl3aH c nonyneHi/ieM 
BbicoKoro BbinrpbiLua npn o6pa6oTKe, npuBen 6bi 
k yAopoxaHMHD npneMonepeAaT^HKa. Mto 
KacaeTcn BbicoKOM nepeflaBaeivioM moluhoctm, to 
3to npeflCTaBnaeTCfl He>KenaTenbHbiM b 
ycnoBMfix annapaTypbi c 6aTapeMHbiM nuTaHneiw. 
HaKOHei4, HannyHiuafl ycTOWHUBOCTb no 
OTHOLU8HMK) k B3anMHbiM noMexaM .qocTuraeTCJR 
nyTeM ncnonb30BaHkm Bcero pacnonaraeMoro 
cneKTpa, T.e. nonocbi 83,5 Ml~i4 Ha nacTOTe 2,4 
IT14. PacLunpeHne cneKTpa 3a cneT npflMow 
MOAyj~ifli4nn nocjieAOBaTeribHocTbio Mo>KeT 
ncnojib30BaTb ToribKO nacTb cneKTpa bbhay 
orpaHMHeHMCi no LuwpHHe nonocbi b 
npneMonepeAaT^MKe. B npoTMBononoxHOCTb 

3TOMy, CMCTeMbl CO CKaHK006pa3HblM 

M3MeHeHneM nacTOTbi MoryT ocyLnecTBnnTb 
nepecTpoPiKy nacTOTbi b cpeAHeM bo BceM 
cneKTpe, ho npw otom MMeTb npi/ieMneMoe 
MrHOBeHHoe 3HaneHne LunpuHbi nonocbi KaHana. 
AHanornHHO CTaHAapTy IEEE 802.11, 
HacTOflmee M3o6peTeHne npeAycMaTpwBaeT 
ncnonb30BaHne 79 ck3mkob c ljjmpmhom nonocbi 
1 MTi^. BnpTyanbHbiM KaHan onpeAeneH KaK 
nceBAOcnyMaMHafl nocneAOBaTenbHOCTb 
CKaHKOB, M3MeH^HDLi^aflCfl b cpeAHeM no BceM 79 
3HaHeHM?iM. Pa3nnHHbie coeAMHeHna MoryT 
ycTaHaBJinBaTbc^ OAHOBpeivieHHO nyTeM 
npuMeHeHi/ifl pa3nnHHbix BnpTyanbHbix KaHanoB. 
CnyHaMHbiM o6pa30M pa3nnHHbie BwpTyanbHbie 
KaHanbi MoryT wcnonb30BaTb oaho m to >Ke 
3HaneHne CKanKoo6pa3HO iA3Me\-\n\o[i\e\Acn 

HaCTOTbl, H B 3TOM CfiyMae B03HHKHeT KOHCfiflUKT. 

flna MCKJiKDHeHMiR ncKa>KeHMM b 3tom cnynae 
Mcnorib3yeTca i/icnpaBiieHne oujm6ok m 

M36blTOHHOCTb. 

CoBMecTHoe ncnorib30BaHMe cpeAbi 
nepeAann b cooTBeTCTBMM c HacTOHLijHM 
M3o6peTeHneM no cpaBHeHi/ifo c Apyrnivin 
CMCTeMaMH noflCH^eTC^ Ranee co ccbinKaivin Ha 
cpur. 5a, 5b w 5c. Our. 5a nnnn3CTpnpyeT 
n3BecTHbii?i OAHOKaHanbHbiM MeTOA, npn kotopom 
MMeeTC^ ToribKO oahh KaHan 503, n stot KaHan 
503 HASHTMMeH cpeAe nepeAann 501, KaK sto 
MMeeT MecTO b npoBOAHbix noKanbHbix ceTax. 
Bee nonb30BaTenn KOHKypupyfOT 3a nonyneHne 
OAHoro m Toro >Ke KaHana 503, v\ Ana 
o6ecneneHHfl Ka>KAOMy nonb30BaTenio 
bo3mo>khoctm nonyHHTb nacTb pecypcoB 
nepeAaHH, ncnonb3yeTca MynbTunneKcupoBaHne 
nyTeM BpeMeHHoro pa3AeneHWfl KaHanoB. 
flocTyn k KaHany 503 KOHTponnpyeTca nwoo 
i4eHTpann3QBaHHO, nno"o pacnpeAeneHHbiM 
o6pa30M. Our. 5b unnwcTpupyeT M3BecTHyto 
cucTeMy, b kotopom cpeAa nepeAann 501 
pa3AeneHa Ha HecKonbKO cy6KaHanoB 505-x, 
HanpuMep, c ncnonb30BaHneM 

MynbTunneKcupoBaHun nyTeM MacTOTHoro 
pa3AeneHna KaHanoB. l~lonb30BaTenn b 
npeAenax AaJibHOCTH as^ctbha ycTaHaBnuBafOT 
ceTb c ncnonb30BaHneM OAHoro W3 cyoKaHanoB 
505-x. 3tm cy6KaHanbi 505-x ABnfliOTCfi nno"o 

0HKCHpOBaHHblMM (nOAO^HO TOMy , KaK B 

CTaHAapTe HIPERLAN) nnn ocymecTBnfliOT 
MeAneHHoe CKanKoo6pa3Hoe M3MeHeHkie 
nacTOTbi b npeAenax Bcefi cpeAbi nepeAann 
(noAo6HO TOMy, KaK peanM30BaHO pacninpeHne 
cneKTpa nyTeM MeAneHHoro CKanKoo6pa3Horo 
M3MeHeHH?i nacTOTbi comacHO CTaHAapTy IEEE 
802.11). T.e. b pa3nnHHbie MOMeHTbi BpeMeHU 
Bbi6npaeTca OTnunaioLUMCica cy6KaHan 505-x. 
OAHaKO b n\c6o\A MOMeHT BpeMeHU Bee 
nonb30BaTenn KOHKypupyioT 3a nonyneHne 
AQCTyna k OAHOMy n TOMy >Ke cy6KaHany. 
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HanpuMep, Ha <£nr. 5b unnKDCTpupyeTcs momsht 
BpeMeHU, b KOTopbiM Ka>KAbiM M3 non bsoBaTeneM 
1-9 KOHKypupyeT 3a nonyneHne AQCTyna k 
cySKaHany 505-3. 

Omt. 5c unntocTpupyeT MHoroKaHanbHbiM 
noAXOA, cooTBeTCTByiou^nCi M3o6peTeHHK). 
BHOBb cpeAa nepeAann 501 pa3AeneHa Ha 
cy 6 KaHanbi. OAHaKO rpynna coeAMHeHHbix 
nonb30BaTeneM 507-x MynbTunneKcupyeTcn 
(HanpuMep, nyTeM CKanKoo6pa3Horo M3MeHeHMfl 
nacTOTbi) bo Bcex cy^KaHanax 509-x c 

OTHOCHTenbHO BblCOKOM HaCTOTOM. flaKeTbi 
MynbTwnneKcupyfOTCfl c nacTOTOM CKaHKOB cpeflu 
pa3nnHHbix cy^KaHanoB 509-x. 3aKOH 
CKaHKOoo~pa3Horo MSMeHeHna npeACTaBnaeT 
BnpTyanbHbiPi KaHan. Ha 0nr. 5c npeACTaBneHbi 
Tpn rpynnbi 507-x nonb30BaTeneM: nepBas 
rpynna 507-1 BKXifOHaeT nonb30BaTenePi, 
HAeHTMcjDni^npoBaHHbix KaK nonb3QBaTenn 2,3 m 
4; BTopasq rpynna 507-2 BKnionaeT 
nonb30BaTenei?i, HAeHTMc|Dni4MpoBaHHbix KaK 
nonb30BaTenn 6, 7 m 9. B cooTBeTCTBHn c 
M3o6peTeHneM Ka>KAaa M3 stmx rpynn 507-x 
o6pa3yeT nuKoceTb. B asihhom npuMepe 
AononHMTenbHbiCi nonb30BaTenb, T.e. 
nonb30BaTenb 1 He BKntoneH hm b OAHy M3 rpynn 
507-x nonb3QBaTeneM m nosTOMy He coeAMHeH 

HM C OflHOM M3 3TMX TpeX nMKOCeTeM. 

FIcho, mto MHoroKaHanbHbiM noAXOA, 
unnfocTpupyeMbiw c noMombfo cjDnr.Sc, 
o6ecneHMBaeT HaMHoro 6onee BbicoKyfo oSmyK) 
nponycKHyjo cnoco^HOCTb, neM OAHOKaHanbHbiM 
noAXOA, unntocTpupyeMbiM c noMoiu.bK) 0nr.5b, 
KorAa cpeAa nepeAann Aon>Ki-ia noApa3Aen^Tbca 
Ha MHOxecTBO MeHbLUMX cy6KaHanoB, 
BcneACTBue orpaHnneHUM b 

npneMonepeAaTHMKax paAHocBfl3H Mnn 
HopMaTHBHbix orpaHMHeHMW. B HacToniAeM 
n3o6peTeHnn Ka>KAaa nuKoceTb cooTBeTCTByeT 
BnpTyanbHOMy KaHany, ncnonb3yKDmeMy 
KOHKpeTHyK) nocneAOBaTenbHOCTb Ana 
MynbTunneKCHpoBaHUfl (nyTeM CKanKoo6pa3Horo 
M3MeHeHH?i) cy6KaHanoB n ncnonb3yfOLneMy 

KOHKpeTHbM aApeC nMHUM CB?13M a^^ 

MAeHTkic|DHKai4MH cbomx naKeTOB. Pa3nnHHbie 
ni/iKoceTM noBTopHO ncnonb3yfOT Bee cy 6 KaHanbi 
cnynaPiHbiM o6pa30M; Ka>KAbiM cy6 KaHan 
ncnonb3yeTcn b cpeAHeM BceMU nuKoceT^MH. 
CoBMecTHoe ncnonb30BaHne cy^KaHanoB 
npuBOAUT b pe3ynbTaTe k CTaTMCTunecKOMy 
MynbTunneKcupoBaHHK) Me>KAy nMKOceTJRMM, hto 
o6ecneHMBaeT noBbiujeHne scjDcjDeKTMBHOCTH b 
ycnoBn^x HMnynbCHoro TpacjDMKa, HMeKJi^ero 
MecTO b npunoxeHunx, CB?i3aHHbix c nepeAanew 

AaHHblX. BBHAy BblCOKOM HaCTOTbl CK3HKOB (OAMH 

naKeT Ha CKanoK) CTaTHCTMMecKoe 
MynbTunneKcupoBaHne HMeeT HaMHoro 6onee 
BbicoKyto 3cjDc|3eKTMBHOCTb, HeM, HanpuMep, 
AOCTuraeMaa b p^aom pacnono>KeHHbix 
6ecnpoBOAHbix noKanbHbix ceT^x, 
Mcnonb3yfOL4nx pacujupeHne cneKTpa 3a cneT 
MeAneHHoro CKanKoo6pa3Horo M3MeHeHna 
nacTOTbi cornacHO CTaHAapTy 802.11, npn 
kotopom BpeMfl npe6biBaHH?i b oahom KaHane 
HaMHoro 6onee A-nnTenbHoe. 

Tun ycnyrn, o6ecneHMBaeMOM npn 
MHoroKaHanbHOM noAXOAe, MoxeT 6biTb 
oxapaKTepn30BaH KaK 3aHMMaioLi4MM 

npoMe>xyTOHHoe nono>KeHne Mex<Ay yenyrow c 
hmctom KOMMyTai4neCi KaHanoB m yenyrow c 
hhctow KOMMyTauneM naKeTOB. BnpTyanbHbie 
KaHanbi onpeAeneHbi noAO^HO KaHanaM b 
opweHTupoBaHHbix Ha coeAHHeHne ceT?ix c 
KOMMyTau,nefi naKeTOB. OAHaKO Ka>KAbii?i 
BnpTyanbHbiki KaHan yHMKanbHbiM o6pa30M 
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CBA3aH c flByMfl mjim 6onee nojib30BaTenefi m 
pa6oTaeT CMHxpoHHbiM o6pa30M, noflo6hio 
KaHanaM b ceT^x c KOMMyTai^neM KaHanoB. 
Kpoiwe Toro, b omnMne ot cy6"KaHanoB uinn 
KaHanoB b cernx c KOMMyTaLjMew KaHanoB, 
KOTopbie ncnorib3yioTCfl MCKnioHMTenbHo 

COSflUHGHHblMM nonb30BaTenflMM, KaHaribi B 

nuKocemx cobmgctho ncnonb3yioTCfl b cpeAHeM 
bcsmh nojib30BaTeriflMH. fliifl npnivieHeHMM c 
MMnyribCHbiM xapaKTepoM ashhnx sto 
o6ecneHMBaeT 6onee BbicoKyio nponycKHyio 
cnoco6HOCTb m nyHLuee ncnonb30BaHne cpeflbi 
nepeAaHH BcneflCTBue CTaTMCTMHecKoro 
MyjibTMnneKcupoBaHU^ naKeTOB, hto He 
BCTpenaeTca b Tpaflni_|noHHbix ceT?ix c 
KOMMyTai^nei?! KaHanoB. 

06cy>KfleHMe Aanee oyAeT cjDOKycnpoBaTbc?i 
Ha npniviepax cnocoooB, no3BonFnoi_nnx 
ycTpoPicTBaM ycTaHaBJiMBaTb coeflUHeHna 
npon3BonbHofi nMKOceTH, onucaHHbie Bbiiue. 
OnucaHHa^ 3flecb cucieMa 6bina 
onTHMH3npoBaHa An^ ObicTpofi ycTaHOBKH m 
3aBepiueHMfi npon3BonbHbix coeflUHeHnPi Me>Kfly 
npon3BoribHbiMH 6ecnpoBOAHbiMM 
ycTpowcTBaMU, paccpeAOTOHeHHbiMM b 
orpaHnneHHOM o6nacTM. MoryT ycTaHaBJiMBaTbca 
flByxToneHHbie coeflMHeHna n coeflMHeHna ot 

OflHOM TOHKM K MHO>KeCTBy TOHeK. Bee 
yCTpOMCTBa flBnfllOTCfl OflHOpaHTOBblMM 

ycTpoMCTBaMM , Kax<floe M3 KOTopbix Mcnonb3yeT 
MfleHTMHHyio paA^onpneMHyHD annapaiypy 

CBA3M. B COOTBeTCTBMH C OflHUM M3 acneKTOB 

M3o6peTeHHfl oflHOMy ycTpowcTBy BpeMeHHO 
npuflaeTCfl cjDyHKi^i/ifl BeAymero ycTpoMCTBa, 
KorAa MHHi4nnpyeTCJR yciaHOBneHne 
coeAHHeHMfl. TaKoe Ha3HaneHne npoAon>KaeTCfl 

TOflbKO B TeHeHUe flJlHTeribHOCTH COGA^HGHMfl. 

Ecjih ToribKO He nepeonpeAeneHO, BeAyi-UMM 

yCTpOMCTBOM ABJIfieTCfl yCTpOMCTBO, KOTopoe 

MHHi^nnpoBano coeAHHeHne. Ka>KAoe 
ycTpoMCTBO MMeeT yHUKanbHbM aApec nnn koa 
AOCTyna, c noMOLU,bio KOToporo oho 
MAeHTUcjDMi^npyeTCfi. B bo3mo>khom BapnaHTe 
ocyLnecTBneHMfl aApec MMeeT n/iMTenbHOCTb 64 
6nTa, ho, pa3yMeeTC^, gto He ABnaeTCfi 
o6fl3aTenbHbiM AJ~ifl Ka>KAoro BapnaHTa 
ocyu^ecTBrieHUfi . AApec onpeAermeT 
nceBAOcnyHaMHyK) nocneAOBaTenbHOCTb 
CKaHKOo6pa3Horo n3MeHeHMfi v\r\v\ BnpTyaribHbiPi 
KaHan, kotopnm ncnorib3yeT ycTpoficTBO, KorAa 
oho ^BfifleTC^ BeAyniUM ycTpoficTBOM. BeAymee 
yCTpOMCTBO, TaKUM o6pa30M, aoj~i>kho 
pacnpeAeriflTb cbom aApec cpeAH noAHUHeHHbix 
TaK, HTo6bi Bee ohh Mcnorib30Bann TOT >Ke 
caMbiM BnpTyanbHbiM KaHan co CKaHKOo6pa3HbiM 
M3MeHeHneM. B TeneHne AnnTeribHOCTH 
coeAHHeHM^i ncnorib3yeTCfl oneHb AnnHHaa 
nocneAOBaTeribHOCTb CKaHKOB, b KOTopofi 

Ka>KAblM CK3HOK H3 79 BQ3MO>KHblX CKaHKOB 

peann3yeTCfi c paBHOM BepoaTHOCTbio. Oa3a 
nocneAOBaTenbHOCTH CKaHKOB onpeAenaeTca 

CUCTeMHblM TaKTOBbIM cuma^oM B 

npneivionepeAaTHMKe BeAyLAero ycTpoMCTBa. 

YcTpoCiCTBO, HaxoAaLAeecfl b Aex<ypHOM 
pe>KMMe, aKTHBM3npyeTCfi c perynapHbiMn 
BpeivieHHbiMn MHTepBanaivin, Hanpniwep, Ka>KAbie 
T ceKyHA (Hanpniviep, 1,28 c) ati^ 
npocnyiuMBaHMfl nePiA>KHHroBbix coo6u4eHMM, 
KOTopbie cocto^t M3 ero aApeca. TaKoe 
ne^A>KMHroBoe cooSLAeHne mo>kbt 

paccMaTpMBaTbc^ KaK koa nocneAOBaTenbHOCTH 
npfiMoCi MOAynf^nn M3 64 KOAOBbix 3neivieHTOB: 
npneMHUK ocyu^ecTBnyieT Koppen^u,noHHyK) 
o6pa6oTKy no OTHOweHWK) k GTOiviy KOAy n 
aKTMBM3npyeT ocTanbHyra MacTb 6noKOB 
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npneivionepeAaTHMKa TonbKO b tom cnynae, ecnn 
pe3ynbTaT Koppen?iL4Mn npeBbiiuaeT 
onpeAeneHHbifi nopor. C Ka>KAbi m hobhm 

MOMeHTOM 3KTMBH3ai4HH yCTpOMCTBO 

aKTHBH3npyeTC?i npn hobom 3HaneHnn CKaHKa b 
cooTBeTCTBMM c nocneAOBaTenbHOCTbfo 

aKTMBM3ai4HM, COCTOSLAeM H3 32 CKaHKOB. 3tm 32 

CKaHKa aKTHBH3ai4nn flBnaraTcn yHMKanbHbiiwn m 
paBHOMepHO pacnpeAeneHbi b ISM-Anana30He 
Ha nacTOTe 2,4 rri^. KaK CKaHKM aKTMBHsai^nn, 
TaK n nceBAOcnyHatiHafl nocneAOBaTenbHOCTb 
CKaHKOB aKTMBM3ai4nn onpeAenfiioTCfi 
nocpeACTBOM aApeca ycrpoMCTBa, 

HaxoA^LAerocfl b Ae>KypHOM pe>KMMe. Oa3a 
nocneAOBaTenbHOCTH onpeAen?ieTC?i 
CUCTeMHblM TaKTOBbIM curHanoM ycTpoMCTBa, 
HaxoAaLAerocfi b Ae>KypHOM pe>KMMe. 
YcTpoMCTBO, nbiTaHDLAeeca ycTaHOBHTb 
coeAHHeHne (ycTpoPicTBO, nocbina KDLU.ee 
neMA>KMHroBbiM Bbi30B), noBTopHO nepeAaeT 
nePiA>K^HroBoe coo^LAeHne (KOTopoe 5iBn^eTC^ 
koaom pacujupeHU^, npeACTaBn^HDLAMM aApec 

npneMHUKa Bbl30Ba) C BblCOKOW HaCTOTOM 

noBTopeHH?i Ha pa3nnHHbix 3HaneHHflx CKaHKOB. 
Oho ncnonb3yeT CKaHKM aKTMBHsai^nn n 
nocneAOBaTenbHOCTb CKaHKOB aKTMBM3ai4HM 
npneMHMKa Bbi30Ba n nbiTaeTca coeAMHUTbCfi c 
npneMHMKOM Bbi30Ba nyTeM nepeAann 
netiA>KHHroBoro cooSLneHMfl Ha bo3mo>kho 
6onbLiieM KonnnecTBe 3HaneHHM CKaHKOB b 
nocneAOBaTenbHOCTH CKaHKOB aKTMBH3ai4MM. 
HMe^ oueHKy cucTeMHoro TaKTOBoro CMmana 
npneMHUKa Bbi30Ba ; BbisbiBatoLAee ycTpoMCTBO 
MO>KeT ocyujecTBMTb HananbHyHD 

cnHxpoHM3ai4MHD, nocKonbKy oho 3HaeT, KorAa m 
Ha KaKOM 3HaneHHM CKaHKa npneMHMK Bbi30Ba 
6yAeT aKTMBM3npoBaH. ripn ycnoB^M 
M3BecTHOCTH TaKTOBoro CMTHana npneMHUKa 
Bbi30Ba 3aAep>KKa HananbHOM CMHxpoHH3ai4HM 
Ana HanxyALiiero cnynaa paBHa T (BcneACTBue 
Toro, hto ycTpowcTBO, HaxoA^Lueecfl b 
Ae>KypHOM pe>KHMe, aKTMBH3npyeTca TonbKO 
Ka>KAbie T ceKyHA). B cnynae Hen3BecTHOCTi/i 
TaKTOBoro curHana npneMHMKa Bbi30Ba 3aA©p>KKa 
HananbHOM CMHxpoHMsai^nn Ana HanxyALuero 
cnynaa paBHa 2T. 3th 3aAep>KKH nonyneHbi b 
cpeAe nepeAaHH 6e3 yneTa olum6ok. ripw 
HanMHMH oljjhSok BpeMfl HananbHOki 

CMHXpOHH3aL\MM MO>KeT yBenHHHTbCfl. 

BbiLueonncaHHbie cnoco6bi ycTaHOBneHH^ cb^3m 

C yCTpOMCTBOM, HaXOA^LAHMC5R B A©>KypHOM 

pe>KHMe Sonee nonHO onkicaHbi b 3a^BKe Ha 
naTeHT CLUA 08/771692 Ha "Cnocoo" AOCTyna b 

CHCTeMe CBA3M CO CKaHK006pa3HblM H3MeHeHMeM 

nacTOTbi", noAaHHOH 23 AeKa6pa 1996 Ha hm?i 
Haartsen et al. 

riocne Toro KaK coeAMHeHHe ycTaHOBneHO, 
ycTpoPicTBO, nocbinaKDLnee neMA>KMHroBoe 
coo^LneHMe, KOTopoe o6o3HaneHO KaK BeAymee 
ycTpoCicTBO, nepecbinaeT cboh aApec m cbom 
CUCTeMHblM TaKTOBbIM cwman K npMeMHMKy 
Bbi30Ba. Koa m TaKTOBbIM CMman BeAyLAero 
ycTpoCicTBa 3aTeM oyAyT Mcnonb30BaTbc^ An^ 
onpeAeneHM^ BMpTyanbHoro KaHana co 

CKaHK006pa3HblM M3MeHeHMeM HaCTOTbl. 3tot 

koa BeAymero ycTpoMCTBa TaioKe Mcnonb3yeTcn 
Ana HAeHTMcjDMKau|MH naKeTOB b BMpTyanbHOM 
KaHane. T. e. Ka>KAOMy naKeTy b BMpTyanbHOM 
KaHane, He3aBMCMMO ot to Toro, KaKOM 
nonb30BaTenb BMpTyanbHoro KaHana flBnaeTca 
nepeAaiOLAMM, npeALiiecTByeT aApec BeAyLii,ero 
ycTpoMCTBa, cnyxamMM b KanecTBe aApeca 
nMHMM CB5R3M. Ecnw pa3nnHHbie ycTpoMCTBa B 
oahom m tom >Ke o6nacTM ycTaHaBnMBaioT 
pa3nMHHbie coeAMHeHMfl, to Ka>KAoe M3 hmx 
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ncnojib3yeT pa3nnHHbin BMpTyaribHbiM KaHan n 
pa3nnHHbiw aflpec jiuhmh cbh3M, KaK ojo 
onpefleneHO napaMeTpaMH ycTpoficTB, KOTopbie 
MHHu,nnpoBann coeAWHeHW* (T.e. BeAyu^nx 

yCTpOMCTB). 

flna Toro HTo6bi no3Boni/iTb Gonee neM flByM 
nonb30BaTen?iM npuHUMaTb ynacTkie b paooTe 
nuKoceTM, orpaHMHeHHbie bo3mo>khocth 
ycTaHOBnei-mfl coeflMHeHMM Tuna ot oahom tohkm 
k MHO>KecTBy ToneK onpefleneHbi b bo3mo>khom 
BapnaHTe ocyLnecTBneHHH, hto no3BormeT 
ycTpowcTBy, Ha3HaneHHOMy aha BbinonHeHwa 
cjDy HK14M Ci Beflymero ycTpoMCTBa, ocymecTBnflTb 

COeAHHeHMiq C MHO>KeCTBOM nOflHMHeHHblX 

ycTpowcTB. B pe3ynbTaTe B03HHKaeT 
3Be3Aoo6pa3Ha5i Tononorna c Be^yii^HM 
ycTpoMCTBOM b i^eHTpe. riOflHMHeHHbie 
ycTpoPicTBa He MoryT ocymecTBnflTb CBfl3b 
HenocpeACTBeHHO oaho c ApyrwM, a AOJi>KHbi 
Mcnonb30BaTb BeAyu^ee ycTpowcTBO b KanecTBe 
nocpeAHUKa. Hcnonb3yeTCE cxeMa onpoca, 
KOTopafl opraHH3yeT nepeAann pa3nnHHbix 
noAHUHeHHbix ycTpoMCTB. Bee noAHMHeHHbie 
ycTpoMCTBa CMHxpoHH3npoBaHbi no BpeMeHU, 
T.e. Bee ohh npocnyiuMBaKJT BeAymee 
ycTpoPiCTBO B oaho M TO >Ke BpeMfl. TOJIbKO TO 
noAHMHeHHoe ycTpoficTBO, KOTopoe aApecoBaHO 
(onpaiunBaeTcn AJ~m OTBeTa) b BbiAeneHHOM 
BpeivieHHOM MHTepBane npneivia noAHUHeHHoro 

yCTpOMCTBa, MMeeT B03MO>KHOCTb OTBeTa B 

nocneAyHDLAeM BbiAeneHHOM BpeMeHHOM 
MHTepBane nepeAann noAHMHeHHoro 
ycTpoMCTBa. Bee ycTpowcTBa, BeAymee n 
noAHUHeHHbie, pacno3Ha*OT naKeTbi b 
BnpTyanbHOM KaHane no KOAy tiuhmh cba3h 
(KOTopbiM npeACTaBfi^eT co6ofi aApec BeAyLU,ero 
ycTpoMCTBa). KoHKpeTHoe noAHMHeHHoe 

yCTpOMCTBO B riMKOCeTM MAeHTMCj3ML4HpyeTC51 

aApecoM ee ynacTHMKa. B bo3mo>khom BapnaHTe 
ocyu^ecTBrieHMfi aflpec ynacTHMKa npeACTaBnaeT 
cooofi 3-6nTOBbifi aApec b 3aronoBKe naKeTa. 
-SMTOBbiPi aApec orpaHUHUBaeT Hi/icno 

yHaCTHMKOB B nUKOCeTH AO BOCbMH. Ecjim 

KOHKpeTHbiM BapwaHT ocyLnecTBneHU^ He 
no3BonfieT paciunpnTb 3aronoBOK naKeTa Ana 
BKnfOHeHMfl 6onee LunpoKoro aApecHoro nona, to 
Gonbwee KonwnecTBO ynacTHM kob MO>KeT 6~biTb 
ooecneneHO nyTeM peann3ai_^n 

AonojiHUTeribHow cxeMbi aApecai-^w b none3HoPi 
Harpy3Ke naKeTa. 

JlMHHfl CB533M Me>KAy yCTpOMCTBaMH 

Mcnorib3yeT AynneKCHyio cxeiviy c pa3AeneHi/ieM 
no BpeivieHU, comacHO KOTopot/i 
npneMonepeAaTHMK paAnocBfi3M nonepeMeHHO 
ocyuj.ecTBn^eT nepeAany n npneM. KaAP 
AynneKCHoro pexuMa c BpeivieHHbiM 
pa3AeneHneM coctomt H3 BbiAeneHHbix 
BpeivieHHbix HHTepBanoB nepeAann m npneivia. 
CooSLAeHUfi, noAne>KaLMne nepeAane, 
pa3AenflK)TCfl Ha naKeTbi. Ka>KAbitf BpeivieHHOM 
MHTepBan nepeAann n npneMa MO>KeT 
coAep>KaTb MaKCHMyM oahh naKeT nepeAann h 
oahh naKeT npneivia cooTBeTCTBeHHO. 
nocneAOBaTeribHbie BpeMeHHbie HHTepBanbi 
Mcnonb3yK3T pa3JiMHHbie 3HaneHH?i 
CKaHKOo6pa3Horo M3MeHeHMfl, KaK onpeAeneHO 
BnpTyaribHbiM KaHanoM. BnpTyanbHbiM KaHan 
ooecneni/iBaeT CMHxpoHHyio jimhmk3 cb33m: 
ycTpowcTBa, KOTopbie coBMecTHO ncnonb3yioT 
oahh n tot >Ke BnpTyaxibHbiM KaHan 
CKaHKOo6pa3HO nepecTpai/iBaHDTCfl no nacTOTe 

CUHXpOHHO H B CTporOM COOTBeTCTBMM C 

xpoHwpoBaHneM AynneKCHoro pe>KMMa c 
BpeivieHHbiM pa3AeneHneM. Oah3ko BpeMeHHoPi 
MHTepBan He o6fl3aTenbHO Aon>KeH 6biTb 3aH^T. 
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Ecnn OTcyTCTByjoT A^HHbie, KOTopbie Aon>KHbi 
nepeAaBaTbcsi, to flBa coeAMHeHHbix ycTpoMCTBa 
MoryT CKaHKOo6pa3HO nepecTpanBaTbca 
cnHxpoHHO 6e3 o6weHa naKeTaiwu. Xota yenyra, 
o6ecneHMBaeiviafl TaKOM JiMHuew CBA3M, no CBoew 
npupoAe flBnaeTCfi opkieHTupoBaHHoPi Ha 
coeAHHeHne, Ka>KAbiPi naKeT coAep>KHT aApec 
nnHnn CBfisn, cooTBeTCTByfomuM BMpTyanbHoiviy 
KaHany. KaHan He ABnaeTCfl CBoSoAHbiM ot 
KOHKypeHi^nn. Pa3nnHHbie BnpTyanbHbie KaHanbi 
MoryT cnynaMHbiM o6pa30M ncnonb30BaTb oaho 
m to >Ke 3HaneHne CKanKoo6pa3Horo n3MeHeHHfl. 
CneAOBaTenbHO, npneMHMK Bbi30Ba Aon>KeH 
aHanMsnpoBaTb npuH^TbiM aApec nnHMM cb^3h, 

MTOGbl MAeHTMCjDMLIHpOBaTb, ASMCTBMTenbHO TWA 

npuHfiTbiM naKeT npeAHa3HaneH Hero, nnn 
naKeT CBfl3aH c APyruM BnpTyanbHbiM KaHanoM, 
KOTopbiPi cnynaPiHO npniuenca Ha to >Ke caivioe 
3Ha^eHne CKa^Koo6pa3Horo M3MeHeHna, hto m b 
BnpTyanbHOM KaHane npneiviHMKa Bbi30Ba. 
HcnonbsoBaHwe aApeca nnHnn cb^sh nsnneion 
AOCTaTOHHO Ba>KHbiM BcneACTBue Toro, hto 
HMnynbCHbiM xapaKTep TpacjDHKa MO>KeT 
npuBecTM k nycTbiM BpeivieHHbiM HHTepBanaM, 
KOTopbie cnynaMHbiM o6pasoM mop/t OKa3aTbCfi 
3anonHeHHbiMH apvhmh nnHHAMM CBA3M, n 
BcneACTBue Toro, hto MoryT MMeTb MecTO 
cuTyai^MM c 6nn>KHMM/AanbHMM 

MecTOHaxo>KAeHMeM, npn KOTopbix MeiuaioLUMM 
naKeT nonHOCTbio BbiTecH^eT none3Hbiti naKeT. 

riepeAana penn He npeACTaBnaeT npo6neM b 
AaHHOM cucTeMe bbmay Toro, hto oSecneneHa 
cnHxpoHHaiR nnHUfl cb?13m. Ecnn penb ^Bn?ieTCiR 
nacTbK) HHcjDopMaL^noHHoro noTOKa, to peneBOM 
naKeT oyAeT nepeAaBaTbc?i b k3>kaom KaApe 
AynneKCHoro pe>KHMa c BpeivieHHbiM 
pa3AeneHneM. Cnyna^Hbie KOHcjDnnKTHbie 
cuTyauMM MoryT npeoAoneBaTbca c 
ncnonb30BaHneM MeTOAOB BoccTaHOBneHun b 
npneMHUKe Bbi30Ba nnn ohh mop/t 
nrHopupoBaTbCfl . riocneAHUM noAXOA TpeoyeT 
npuMeHeHMfi 6onee noMexoycTOMHUBbix 
MeTOAOB KOAwpoBaHWfl penn, noAO^HO 
HenpepbiBHOM c nepeMeHHofi 

KpyTM3HOM. 

npi/iMeHneTCfl cxeMa 3anpoca 
aBTOMaTMHecKOM noBTopHoCi nepeAann (3Ann), 
npn KOTopow 06 ycneiuHow nnn 6e3ycneu_iHOM 
nepeAane naKeTa b KaApe AynneKCHoro pe>KMMa 
c BpeMeHHbiM pa3AeneHneM (flBP) 
MHcjDopMnpyioT Hen ocpeACT Be h h 0 b cneAy^LAeM 
KaApe flBP. TaKMM nyTeM no npoTOKony 3Ann 
3aTpannBaeTCfl MUHMManbHbiw cneKrp: noBTopHO 
nepeAaioTCfi TonbKO 6e3ycneiuHO nepeAaHHbie 
naKeTbi. KpoMe Toro 3 MMHMMH3MpoBaHbi 
o>KMAaHne m neperpy3Ka (b paccMaTpuBaeMOM 
npuMepe ocyiiJ^ecTBneHniFi cxeMa 3AI~in Tpe6yeT 
TonbKO AByx 6mtob b 3aronoBKe naKeTa). 
Peann3aunfl cxeMbi 3AI~in MO>KeT 6biTb 
ocyLAecTBneHa HenocpeACTBeHHO annapaTHbiMM 
cpeACTBaMM m npeAnoHTMTenbHO cocpeAOToneHO 
oneHb 6nn3KO k cjDM3MHecKOMy ypoBHio b 
npoTOKone cba3m. 

3Be3Aoo6pa3Ha^ Tononorn^ w cxeMa onpoca 
Ana AOCTyna, cooTBeTCTByioLUMe HacTo^meMy 
nsoOpeTeHMio, aBnaraTcn cneACTBueM 
onpeAeneHMfi nuKoceTH m xecTKOM BpeMeHHOM 
cnHxpoHH3auMM b BnpTyanbHOM KaHane. Ecnn 
ABa noAHUHeHHbix ycTpoMCTBa Aon>KHbi 
ocyLAecTBnaTb CBfl3b HenocpeACTBeHHO oaho c 
APyruM, to co3AaeTC?i AononHMTenbHas ceTb, 
HaA KOTopow ncxoAHoe BeAymee ycTpowcTBO He 
HMeeT HenocpeACTBeHHoro KOHTpons. Oaho M3 
noAHUHeHHbix ycTpoPicTB CMeu4aeT cboio 
KaApoByio cnHxpoHM3ai4Mio (flBP) Ha nonoBMHy 
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Kaflpa. 3to noflHMHeHHoe ycTpoMCTBO He mokbt 
6ojibLue npocnyLUMBaTb BeAymee ycTpoMCTBO 
(oho AeMCTByeT b KanecTBe Beflymero 
ycTpoficTBa b hobom nHKOceTH), n 
nepBOHananbHoe BeAyLU.ee ycTpoMCTBO He 
MO>KeT npocnyLUMBaTb noA^MHeHHoe ycTpoMCTBO. 
XoTa Ana riMKOceTM Mcnorib3yeTCfl 
eAUHCTBeHHbiti (BnpTyaribHbiM) KaHan, 
pacnpeAeneHHbiM KOHTponb He B03MO>KeH 
BcneACTBMe npHMeHaeMow wecTKofi BpeMeHHOM 

CMHXpOHM3aLlMM. 

flna nonyneHwa bo3mo>khocth coeAHHeHwa c 
ycTpowcTBOM, Ba>KHO 3HaTb ero aApec. B 

00"bNHblX JlOKaJIbHblX CeTflX (BKTIfOHaiq 

TpaAMi^MOHHbie 6ecnpoBOAHbie noKanbHbie ceTM) 
3th aflpeca o6bMHO H3BecTHbi Bceiwi ynacTHUKaivi 
noKanbHOM ceTM. riocKoribKy Bee ycTpowcTBa ywe 
coeAHHeHbi Apyr c Apyrowi, ycTpoMCTBa MoryT 
npocTO ycTaHaBJiMBaTb jiuhum CBa3H c 
Mcnorib30BaHneM HaAne>Kai_LLMX aApecoB npn 
nepeAane coo6LAeHna. Her HeooxoAHMOCTM 
ycTaHaBnuBaTb coeAHHeHne. YcTpoficTBO, 
KOTopoe pacno3HaeT cbom aApec, npocTO 
npuHMMaeT coo6"Ln,eHne, b to BpeMa KaK Bee 
Apyrne ycrrpoMCTBa nrHopupytoT ero. 

riocKoribKy paccpeAOTOMeHHaa ceTb 
ycTaHaBiinBaeTCfi Ha npon3BonbHOM ocHOBe, 
ycTpoficTBa He 3HafOT 3apaHee Bee aApeca 
coceAHMX ycTpoMCTB. flna peiueHMa gtom 
npooneMbi n b cooTBeTCTBMH c APyn/iM acneKTOM 
M3o6peTeHna npeAycMaTpuBaeTca npoijeAypa 
3anpoca, KOTopaa no3BonaeT ycTpoMCTBaM 
nonynnTb aApeca 6jim>khhx ycTpoficTB. 
npoi^eAypa 3anpoca BecbMa cxoAHa c 
npoLieAypoM HanpaBneHi/ia noncKOBoro Bbi30Ba. 
BMecTO neMA>KMHroBoro coo6u4eHM?i nepeAaeTCfi 
coo6meHMe 3anpoca c BbicoKofi HacTOTotf 
noBTopeHHa Ha pa3nnHHbix 3HaneHkiax 
CKaHKOo6pa3Horo H3MeHeHi/ia. B npniviepe 
ocy LLLecT bji e h m a coo^LneHne sanpoca 
npeACTaBJiaeT co6o£i 64-6nTOBbi£i koa, 
npeAnncbiBaHDii^MM npneiviHMKy Bbi30Ba 
coo6LHMTb o cbomx napaiweTpax ycTpoMCTBa. 
I~Ioao6ho aApecy, koa 3anpoca onpeAenaeT, 
Hanpniviep, 32 pa3nnHHbix 3HaHeHna 
CKaHKOo6pa3Horo n3MeHeHna Ana 3anpoca m 
nocneAOBaTeribHOCTb CKaHKOo6pa3Horo 
M3MeHeHHFi Ana 3anpoca. YcTpoPicTBa, KOTopbie 
npuHMMaHDT coo^Li^eHne 3anpoca, nepeAaKOT b 
OTBeT OAMHOHHbiM naKeT, BhuiranaraLAMM aApec 

npneMHUKa Bbl30Ba, CHCTeMHblfi TaKTOBbIM 

curHan npneiviHUKa Bbi30Ba n ero Knacc 
oocny>KHBaHwa (HanpwMep, aBnaeTca nw 
ycTpowcTBO npuHTepoM, AOpOKHbIM 

KOMnbtoTepoM, 6a30BOM CTaHi^nePi n T.n. ). 
YcTpoPicTBa MoryT cnynafiHbiM o6pa30M 
Bbi6npaTb OTBeTHoe 3HaneHne cKaHKOoo"pa3Horo 
M3MeHeHHFi b n ocji eAOBa Ten bH oct h 
CKaHKOo6pa3Horo n3MeHeHna Ana 3anpoca, 
HT06bl M36e>KaTb KOHCjDJlUKTHblX CMTyaL4Hfi. 

3anpaujnBaioLAee ycTpoficTBO co6"npaeT Bee 
OTKJ1HKM n cjDopMnpyeT cnncoK koaob n 
CMemeHMCi TaKTOBbix curHanoB Ana ycTpoMCTB, 
KOTopbie HaxoA^Tca b npeAenax AaribHOCTM 
AewcTBua. 3Ta MHcjDopMai4na MoxeT 3aTeivi 
ncnonb30BaTbCfl, ecrin xenaTeribHO 
ycTaHOBJieHne coeAHHeHna. riocKoribKy 
ycTpoPicTBa flBiiafOTCfl noABMXHbiMM, npoueAypa 
3anpoca MO>KeT noBTopflTbca nepnoAHHecKM, TaK 
HTo6bi cnncoK Mor oeHOBrmTbca no Mepe 

He06X0flHM0CTM. 

BbiLueonncaHHaa nponeAypa no3BonfieT 

yCTpOMCTBy C06paTb BCK3 MHCfiOpMai^MK), 

Heo6xoAHMyro eiviy Ana ycTaHOBfieHna nuKoceTM 
c ycTpoMCTBaMM, KOTopbie HaxoAflTca B 
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npeAenax AanbHoc™ pswcrBun. OAHaKO b 
HeKOTopbix cnynaax ycTpowcTBy MoxeT 
noTpe6oBaTbca ycTaHOBHTb coeAMHeHne c 
ycTpoPicTBOM, HaxoAaLi^nMca 3a npeAenaMU 
AanbHOCTH r&wctbwr (T.e. cnnujKOM yAaneHO 
Ana ocyLnecTBneHna npawoPi paAi^ocBa3M Me>KAy 
ycTpoCicTBaivin). B cooTBeTGTBMH c ApyruM 
acneKTOM H3o6peTeHHfi 3Ta npo6neivia peniaeTC^ 
c ncnonb30BaHi/ieM npoivie>KyTOHHoro 
ycTpowcTBa, KOTopoe HaxoAMTca b npeAenax 

flanbHOCTM fleMCTBH^ KaK yCTpOMCTBa-MCTOHHUKa, 

TaK n ycTpoMCTBa-aApecaTa. B bo3mo>khom 
BapnaHTe ocyiAecTBneHna npoivie>KyTOHHoe 
ycTpoMCTBO AeficTByeT KaK Be Ay me© ycTpoMCTBO 
b KOHcjDMrypai^MM coeAHHeHna ot tohkh k 
MHO>KecTBy ToneK n peTpaHcnupyeT 
nHcjDopMai4MK3 Me>KAy AByivia ycTpoPicTBaMn, 

KOTOpbie He HMetOT B03M0>KH0CTM 

HenocpeACTBeHHoro coeAHHeHna. flaHHbiM 
BapnaHT ocyLi^ecTBneHna npuBeAeH Ha cjDnr.6a, 
Ha kotopom npeACTaBneHbi ycTpowcTBa A m B, 
HaxoAaLAneca sa npeAenaMU AanbHOCTM 
AeMCTBua. TpeTbe ycTpoMCTBO C HaxoAHTca b 
npeAenax AanbHOCTM AewcTBua o6omx 
ycTpoMCTB A h B m ncnonb3yeTca b KanecTBe 
BeAyLAero ycTpoMCTBa. YcTpoPicTBa A m B 
aBnaroTca noAHMHeHHbiMM ycTpoMCTBaMn b stoCi 
oamhohhom nuKoceTM 601 . 

B anbTepHaTMBHOM BapnaHTe, noKa3aHHOM 
Ha cjDMr.6b, npoMe>KyTOHHoe ycTpoMCTBO, 
HaxoAameeca b npeAenax AanbHOCTM Ae^cTBMa 
AByx APyrux ycTpoMCTB, Ae^CTByeT KaK moct 

Me>KAy yCTpOMCTBOM-HCTOHHMKOM M 

ycTpoPicTBOM-aApecaTOM. Moct npeACTaBnaeT 
co6om 6onee cno>KHoe ycTpoMCTBO, MMeioLnee 
B03MO>KHOCTb coeAMHeHna c AByiwa nuKoceTaMM 
KaK noKa3aHO Ha cj3Mr.6b, ycTpoMCTBa A n B, 
KOTopbie HaxoAaTca 3a npeAenaMM AanbHOCTM 
AeMCTBi/m OTHoewTenbHO Apyr Apyra, npuHUMafOT 
ynacTue b pa3nnHHbix nnKoceTax 603 n 605. 
Moct C npuHUMaeT ynacTue b Ka>KAOM H3 
nuKOceTeM 603 m 605. TaK KaK A^e nuKoceTM 
603 n 605 HeKOopAHHwpoBaHbi, moct C no 
cymecTBy coAep>KMT A^a npneMonepeAafOLU,nx 
ycTpoMCTBa, Ka>KAoe M3 KOTopbix npuHUMaeT 
ynacTue b pa3nnHHofi oahom M3 ceTeM 603 m 
605. BHyTpn moct a C MHC^opMai^na nepeAaeTca 
BnepeA n Ha3aA Me>KAy AByMa 
npneMonepeAaTHMKaMH. TaK KaK moct C 
ncnonb3yeT Asa BnpTyanbHbix KaHana (ABe 
nuKoceTM) BMecTO oahom, oh ooecneHHBaeT 
6onee BbicoKyhD nponycKHyHD cnocob"HOCTb 
Me>KAy ycTpoMCTBaMU A v\ B, neM nponycKHaa 
cnoco^HOCTb KOHcfDnrypai^MH coeAHHeHna ot 
toh km k MHO>KecTBy TOHeK no 0Mr.6a. 

flna o6ecneMeHna ycTaHOBneHna moctobow 
KOHc|Dnrypai4HM b cucTeMe Heo6xoAMM Gonee 
cno>KHbiPi npoLiecc 3anpoca Ana o6ecneHeHna 
bo3mo>khoctm Ka>KAOMy ycTpoMCTBy onpeAennTb 
aApeca He TonbKO Tex ycrpoMCTB, KOTopbie 
HaxoAaTca b npeAenax AanbHOCTM AeCiCTBuyi, ho 
m aApeca Tex ycTpoMCTB BHe AanbHOCTM 
AeMCTBua, KOTopbie HaxoAaTca b npeAenax 
AanbHOCTH ASMCTBua AOCTynHbix 
ycTpoCicTB-MOCTOB. 3tot 6onee cno>KHbiM 
npoi4ecc 3anpoca onMcaH HM>Ke 6onee A^TanbHO. 
flna AaHHoro M3no>KeHMa OTMenaeTca nMUJb, hto 
ecnn Heo6xoAMMO ycTaHOBMTb coeAMHeHne c 
ycTpoPicTBOM, KOTopoe HaxoAHTca BHe 

AanbHOCTH A^WCTBHa, yCTpOMCTBO-HCTOHHMK 

CHanana ycTaHaBn^BaeT coeAHHeHne c 
BeAyiMMM yCTpofiCTBOM unui 

ycTpoCicTBOM-MOCTOM, KOTopoe HaxoAHTca B 
npeAenax AanbHOCTH ASMCTBua 
ycTpo^GTBa-ncTOMHUKa. KaK TonbKO coeA^HeHne 
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yCTaHOBJieHO, yCTpOMCTBO-MCTOHHMK BblflaeT 

KOMaHfly Beflymeiviy yorpoCiCTBy iah\a 
ycTpoMCTBy-MOCTy ycTaHaBnuBaTb 
nocneAyHDii^ee coeAMHeHne co cneflykDU^HM 

MOCTOM HJ1H C KOHGHHblM aApecaTOM. KaK TOJIbKO 

Beflyu^ee ycTpoticTBO mjim ycTpoPicTBO-MOCT 
ycTaHOBMT ABa coeAHHeHi/m, oho npodo 
peTpaHcnupyeT bckj npuxoflflu^yio MHqbopMaLji'iHO 
nojib30BaTeneM. MHqbopMaL^fl ynpaBJieHMs, 
OAHaKO, o6pa6aTbiBaeTC?i OTfleribHbiM o6pa30M. 

Mcnojib30BaHMe npoMe>xyTOHHbix ycTpowcTB 
Ana ycTaHOBJieHMiR coeAMHeHUM 3aBHCMT, 
pa3yMeeTC5R, ot paccTOflHHfi Ha MecTHOCTM n 
AaiibHOCTM newcTBwn OTAenbHoro ycTpoficTBa. 
flanbHOCTb paAnocB?i3M ycTpoMCTBa moxot 6biTb 
orpaHMMeHa, nocKonbKy sto CBfl3aHO c 
3kohommhhom m 3cf)cjDOKTHBHOM peann3au,i/iePi n c 
HM3KMM noTpe6neHneM nuTafoii^eM moll^hoctm. 
Bojiee BbicoKne ypoBHW nHTafomew molu,hocth 
npuBenn 6bi k yBennneHMfo flanbHOCTH fleiicTBkm 

M ynpOCTHJIM B03MO>KHOCTH yCTaHOBfieHHfl 

coeAHHeHnw b oecnpoBOAHbix noKajibHbix ceTflx. 
OAHaKO cneAyeT oTMenrrb, hto ypoBHn 
MOLi^HOCTM TaioKe bjim^k3t Ha nponycKHyio 
cnoco6HOCTb cucTeMbi b L^enoM. npn 
Mcnonb30BaHHM HM3KMX ypoBHefi ni/uaiomefi 
moluhoctm orpaHMHeHHaa AanbHocTb RewcjBwn 
03HaHaeT, hto nnKoceTH, pa3AeneHHbie 
AOCTaTOHHO SOflbLJJMM paccTOflHueM Ha 

MecTHOCTM, coBceM He oyAyT co3AaBaTb 
B3anMHbix noiviex Apyr Apyry, tbk KaK MomHocTb 
B3aMMHbix noiviex 6yAeT HM>Ke, neM ypoBeHb 
HyBCTBMTenbHOCTM npneiviHMKa. 

Hto KacaeTC^ npoi^ecca 3anpoca, 
nocpeACTBOM KOToporo ycTpoMCTBa onpeAermtoT 
aApeca Apyrux ycTpoficTB, c KOTopbiMM ohh 
>KenafOT ocyLnecTBrmTb CBfl3b, to BO3HHKah0T p,Be 
npo6\neMbi, ecnw HeooxoAHMO noAAep>KMBaTb 
cjDyHKi4Mfo ycTpoMCTBa-MOCTa, a MMeHHo: 

1) Ecjim aApecaT HaxoA^TCfl 3a npeAenaMM 

AaiibHOCTM P,e\ACTB\AR, K3KHM 06"pa30M 

ycTpoCicTBO-MCTOHHUK MO>KeT ycTaHOBMTb ero 
cymecTBOBaHne? 

2) KaK onpeAermeTCfl aApec 
ycTpoficTBa-aApecaTa, ecnn oh He MoweT 6biTb 
onpeAeneH KaK Hen ocpeACTBe h h bi m pe3yribTaT 
npoi_\eAypbi 3anpoca, ocymecTBrmeMoi/i 

yCTpOMCTBOM-MCTOH HHKOM? 

flrm peiueHMfl 3tmx AByx npoo\nei\/i o6~beM 
MHC^opiviauuM, nepeAaBaeMbiM b npouecce 
3anpoca, yBeriMHMBaeTCfl no cpaBHeHUKO c TeM, 
hto 6bino yKa3aHO Bbiiue. T.e. b AononHeHwe k 
coocTBeHHOMy aApecy ycTpowcTBa m ero Knaccy 
o6cny>KHBaHM?i, ycTpoticTBO, npHHHMaioLnee 
cooGLneHne 3anpoca, TaioKe o6ecneni/iBaeT 
3anpaiuMBaK)L4ee ycTpoPicTBO BceMi/i aApecaivin 
m KfiaccaMM o6cny>KMBaHMfi ycTpotfcTB, KOTopbie 
AOCTynHbi Ann 3anpaLUHBafOLi^ero ycTpoMCTBa. 
3Ta MHcjDopiviaunfl 6yAeT co6wpaTbCH b 
3anpaLUMBaeMOM ycTpoMCTBe b 

npeALuecTByfOLAew npoL^eAype 3anpoca, 
BbinoriHfieMO^ 3anpaLUMBaeMbiM ycTpoCicTBOM . 
TaKMM nyTeivi onpeAeri5qK)TCfl He ToribKO Bee 
ycTpoMCTBa b npeAenax AaiibHOCTM AePicTBun 
3anpaiunBaK)LAero ycTpoMCTBa, ho m Bee 
ycTpoMCTBa b npeAenax AanbHOCTH AeMCTBua 
3THX 3anpaiuMBaeivibix ycTpoPicTB. 

YCTpOplCTBO-MCTOHHUK MO>KeT 3aTeM 

COeAMH^TbCfl c ycTpoMCTBOM-aApecaTOM, 
KOTopoe HaxoAMTCfl 3a npeAenaiwn AanbHOc™ 
AeMCTBMfl nepe3 npoMe>KyTOHHbie 
ycTpoMCTBa-MOCTbi, aApeca KOTopbix MoryT 6biTb 
onpeAeneHbi. 3Ta npoi^eAypa MOKeT 
noBTop?iTbc?i, npuneM 3anpaujMBaeMoe 
ycTpoCicTBO He ToribKO o6ecneHMBaeT cbom 
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coScTBeHHbiM cnkicoK aApecoB, ho m cnncoK 
aApecoB, npMHUMaeMbix ot APyrux ycTpoMCTB, 
KOTopbie ohh nonynanDT b TeneHne mx 
co6cTBeHHbix ceaHCOB 3anpoca. TaKMM nyTeM 

yCTpOWCTBO MO>KeT COCTaBMTb Bee CnMCKH, 

MAeHTi/icj^nL^npyKDLHne Bee ycTpoMCTBa b ashhom 

06naCTM, KOTOpbie MMeK)T B03MO>KHOCTb 

coeAHHeHUS Apyr c ApyroM KaK 
HenocpeACTBeHHO, TaK m KOCBeHHbiM nyTeM 
(HanpuMep, nepe3 ycTpotfcTBa-MOCTbi). C 

nOMOLAbKO CnMCKOB yCTpOMCTBO-MCTOHHMK MO>KeT 
KfiaCCHC|DHL\MpOBaTb yCTpOMCTBa B COOTBeTCTBUM 
C KOJ1bL4aMM "CB^3HOCTM". YCTpOMCTBa, 

npnHaAne>KaLAne ko BTopoMy Koribuy cb^3hoctm, 
MoryT 6biTb AOCTynHbi ToribKO c yneTOM Konbi^a 

CB^3HOCTH Hepe3 MOCT (MJIM HHOe 

npoivie>KyTOHHoe ycTpowcTBo) b nepBOM KoribLje 

CBfl3HOCTH. YCTpOMCTBa B TpeTbeM KOflbl^e 

CB^3HOCTH MoryT 6biTb AOCTynHbi c 
npuMeHeHneM AByx ycTpoMCTB-MOCTOB, oaho H3 

KOTOpblX HaXOAMTCfl B nepBOM KOJlbL^e 
GB5R3HOCTH, a BTOpoe yCTpoC^CTBO - BO BTOpOM 

Koribue CBF13HOCTH (npuneM oho HaxoAMTC?i b 
nepBOM KOJibi^e cb?13hoctm nepBoro 
ycTpoMCTBa-MOCTa) . 

Arm ycTaHOBneHUfl coeAMHeHMfi c 

yCTpOMCTBOM-aApecaTOM, yCTpOMCTBO-MCTOMHMK 

aHariM3npyeT cnncKM aApecoB c Koribi^aMU 
cb^3hoctm n ncnojib3yeT anropnTM cne>KeHM5R no 
AepeBy atia onpeAeneHna Toro, KaKne M3 
ycTpoticTB Aon>KHbi Mcnorib30BaTbC3R b KanecTBe 
ycTpoCicTB-MOCTOB. CoeAMHeHMe c aApecaTOM 
3aTeM ycTaHaBfiMBaeTca nyTeM 
nocneAOBaTeribHoro ycTaHOBJieHM^ coeAHHeHU^ 
CHanana ot ycTpoficTBa-MCTOHHUKa k nepBOMy 
ycTpobiCTBy-MOCTy, 3aTeM ot nepBoro 

yCTpOLIGTBa-MOCTa K BTOpOMy yCTpOMCTBy-MOCTy 

m TaK A^-nee, noKa nocneAHee ycTpoMCTBO-MOCT 
He 6yAeT coeAMHeHO c ycTpoticTBOM-aApecaTOM. 

ripoi^eAypa sanpoca no^cHaeTCfl HH>Ke co 
ccbiriKaMM Ha npuMep KOHcjDnrypai4MM , 
npeACTaBfieHHOM Ha c|Dnr. 7. OAHopaHroBbie 
ycTpoMCTBa 1 .,10 HaxoAfiTCfi b noKaribHoti 
o6nacTM. Ka>KAoe ycTpoMCTBO noKa3aHO y3noM n 
HOMepoM. noTeHi^naribHbie coeAHHeHMfi MoryT 
6biTb ycTaHOBfieHbi Me>KAy onpeAeneHHbiMM 
ycTpoficTBaMU, KaK noKa3aHO nyHKTupHbiMM 
jiMHMflMM. Mo>kho BHAeTb b a^hhom npuMepe, 
hto He Bee ycTpoMCTBa MoryT HenocpeACTBeHHO 
coeAUHfiTbCfl Apyr c ApyroM. HanpuMep, 

ycTpoMCTBO 9 HaXOAHTC?! B 30He A^ClCTBHyi 

ycTpowcTB 2, 8 n 10 m noaTOMy MO>KeT 

COeAWHflTbCfl C HMMM, HO He MO>KeT COeAMH?1TbC^ 

c ApyrnMH ycTpowcTBaMM 1, 3, 4, 5, 6 n 7. 
3TO MO>KeT 6blTb Bbl3BaHO AonoriHMTenbHbiMM 
noTep^MM pacnpocTpaHeHHfl (3aTeHeHneM 

paAMOBOJlH) MJIM HHblMM yCJlOBUflMM, KOTOpbie 

SnoKupyioT B03MO>KHbie coeAMHeHna 
paAHocBH3n. ripM LUHpOKOBeLAaTeribHOM 

nepeAane 3anpoca ycTpoPicTBO 9 nojiyn^T OTBeT 

OT yCTpOMCTB 2, 8 M 10, KOTOpbie cooSLnaiOT 

cboh aApeca m Knaccbi o6cny>KHBaHM^. 
CneAOBaTeribHO, cnncoK aApecoB "nepBoro 
nopflAKa" b ycTpoMCTBe 9 oyAeT MMeTb bma {2, 
8, 10}. 3to aApeca ycTpo^CTB b nepBOM Koribi^e 
CBA3HOCTM ycTpoMCTBa 9. (Pa3yMeeTCH, 
ycTpoMCTBO 9 TaioKe coxpaHaeT cnncKM Apyrow 
HHQbopMai4HM, TaKoPi KaK Knaccbi oecny^nBaHM^, 
Ans coceAHMX ycTpowcTB. flrm npocTOTbi bcjr 
TaKaa MHcf)opMai4Hfl ycnoBHO o6o3HaHaeTC5R 
Aanee b oSo^meHHOM BMAe KaK aApeca. ) B 
AononHeHne k hx co6cTBeHHbiM aApecaM, 
Ka>KAoe ycTpoMCTBO 2, 8 n 10 cooSmaeT 

yCTpOPlCTBy 9 CBOM COOTBeTCTByK)L4HW cnncoK 

aApecoB nepBoro nop^AKa. 3th cnwcKM, 
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pa3yMeeTCfl, BKrifonafOT aflpec yorpoMCTBa 9, 

eCJIM yCTpOMCTBO 9 HaXOAHTCfl B flaHHOM 

noKanbHoCi 30He flocTaTOHHO AnnTenbHoe 
BpeMfl, MTo6bi npuH^Tb aanpoc m OTBeTHTb Ha 
3anpoc ot 3tmx ycTpoMCTB. HanpuMep, 
ycTpoMCTBO 2 BbiAacT CBoPi cnncoK aflpecoB 
nepBoro nopaflKa, BKnfOMafou^nPi ycTpoPicTBa 1 , 
3, 6, 7 m 9. C Mcnonb30BaHMeM cni/iCKOB 
aflpecoB, nonyHeHHbix ot ycTpoMCTB 2, 8 m 10, 

yCTpOMCTBO 9 MO>KeT CCjDOpMI/ipOBaTb cnncoK 

aflpecoB BToporo nopHAKa, KOTopbiM BKJifOHaeT 
Bee ycTpoPicTBa b cnwcKax nepBoro nop^AKa ot 
flpyrux ycTpoMCTB, He oxBaTbiBaeMbie cnncKOM 
aflpecoB nepBoro nopaAKa ycTpoficTBa 9 n 

HCKnfOMaKDLL^Me C3MO yCTpOMCTBO 9. 

CpaBHMBafl cnncoK aApecoB {1, 3 ; 6, 7, 9} 
nepBoro nop^AKa ycTpoficTBa 2 co cnncKOM 
aApecoB {2, 8, 10} nepBoro nopnAKa 
ycTpoficTBa 9, mo>kho BMAeTb, hto cnncoK 
aApecoB BToporo nopHAKa Ana ycTpoMCTBa 9 
6yAeT no MeHbweM Mepe BKJiHDHaTb ycTpoficTBa 
1, 3, 6 m 7. C Mcnorib30BaHMeM cnncKOB 
aApecoB nepBoro nop^AKa ycTpoficTB 8 n 10 
OKOHHaTenbHbifi cnncoK aApecoB BToporo 
nop^AKa Arm ycTpoMCTBa 9 6~yAeT HMeTb bma: { 
1,3,6,7}. ^cho, hto 3Ty npoi^eAypy mo>kho 
pacLunpnTb Ha 6ojibi_uee KonnnecTBO yAaneHHbix 
ycTpoPicTB, T.e. ycTpoPicTBa MoryT BbiAaBaTb 
cbom cnncKH BToporo nopHAKa ycTpoMCTBy 9, 
KOTopbie 3aTeM 6yAyT McnoribsoBaTbCfl b 
KanecTBe ocHOBbi a/ie cjDopMnpoBaHMfi cnncKa 
aApecoB TpeTbero nopHAKa, m t.a- 

3Ta pacLunpeHHafl npoi^eAypa 3anpoca 
unntocTpupyeTC^ Ha cjDnr.8, Ha KOTopofi cnncoK 
aApecoB i-ro nopHAKa npoM3BonbHoro j-ro 
ycTpoMCTBa o6o3HaHGH KaK L(i, j). Ha cfwr. 8 
pacciviaTpuBafOTCfl ToribKO cnncKM aApecoB, 
Heo6xoAHMbie Ana ycTpoficTBa 9. Yctpomctbo 9 
MMeeT cnncoK aApecoB nepBoro nopHAKa L(1 ,9) 
= {2, 8, 10}. YcTpoMCTBa 2, 8 n 10 caMU 
MMeioT cnncKH aApecoB nepBoro nopHAKa L(1 , 
2), L(1 , 8), L(1,10), KaK noKa3aHO Ha 
nepTewe. CnncKM L(1, 2), L(1 , 8), L(1,10) 
nepeAatoTCfi k ycTpoMCTBy 9 cooTBeTCTByKDU4HMH 
ycTpowcTBaMM 2, 8 n 10 b OTBeT Ha 3anpoc 

yCTpOMCTBa 9. H3 3THX CnMCKOB yCTpOMCTBO 9 

mo>kgt caMO ccfjopiwupoBaTb cnncoK BToporo 
nopaAKa L(2, 9) nyTeM cnMHHMfl cmmckob L(1 , 
2), L(1 , 8), L(1 ,1 0) m yAaneHUfl ccbiriOK Ha 
caivioro ce6s, a TaioKe ccbinoK Ha APyrne 
ycTpoMCTBa, y>Ke BKJiHDHeHHbie b ero cnncoK 
nepBoro nopHAKa 14 1,9). B ashhom npniviepe sto 
npuBOAUT k nonyneHHK) cnncKa BToporo nopHAKa 
L(2, 9) = {1, 3, 6, 7}. K ycTpoMCTBaM, 
MAeHTUcpMi^npoBaHHbiM b 3tom cnMCKe, Ana 
ycTpoPicTBa 9 OTcyTCTByeT npflMOM AOCTyn, ho 
MMeeTca B03M0>KH0CTb AOCTyna k hum c 
noMOLAbto OAHoro ycTpoMCTBa-MOCTa . TaKMM 
o6pa30M, ycTpoMCTBa, nepeHMCJieHHbie b cnncKe 
L(2, 9), o6pa3yK)T BTopoe Koribi40 CBfl3HOCTH, 
KaK sto Ha6rihOAaeTca M3 MecTa pacnorio>KeHMa 
ycTpoMCTBa 9. 

BbiLueonncaHHyw npoi^eAypy mo>kho 
pacujMpnTb eu^e AaJibUje, TaK KaK ycTpoMCTBa 2, 
8 h 10 MoryT ccjDopMnpoBaTb cnncKH aApecoB 
BToporo nop^AKa L(2, 2), L(2, 8), L(2,10) m 
nepeAaTb stm cnncKM ycTpoMCTBy 9. riocne 

CJIMflHUfl M 0MJ1bTpai4HH 3TMX CnUCKOB 

ycTpowcTBO 9 MO>KeT nonyHMTb cnncoK TpeTbero 
nopflAKa L(3, 9) = { 4, 5} . C ncnorib30BaHMeM 
cnncKOB, noKa3aHHbix Ha cjDnr.8, mo>kho 

CCjDOpMMpOBaTb ASpeBO CB5q3HOCTH, KOTOpoe 

BKfihOHaeT b ce6a bo3mokh bie coeAMHeHna. 
flepeBO cb?13HOCTH 901 Anfl ycTpoMCTBa 9 
noKa3aHO Ha cf)nr.9. Ka>KAbii?i y3en b AepeBe 
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CBA3HOCTH 901 npeACTaBJifleT KOHKpeTHoe oaho 
M3 ycTpoMCTB 1,..., 10, a BeTBb npeACTaBrmeT 
B03MO>KHoe coeAHHeHne. Ha BepujMHe A^P^aa 
cb^3HOCTH 901 HaxoAHTca yCTpOMCTBO, Ana 
KOToporo nocTpoeHO sto A^peBO, b a^hhom 
npuMepe ycTpoMCTBO 9. 

flepeBO GB33HOCTH MO>KeT CjDOpMMpOBaTbCa 

npocTO c yneTOM Bcex cnncKOB aApecoB nepBoro 
nop^AKa m c co6nK>ASHneM npaBwna, hto Konbuo 
CBa3HOCTH 6onee BbicoKoro nop^AKa He MO>KeT 
BKJiKiHaTb ycTpoMCTBa, y>Ke BCTpeHaBiunecn b 
Koribi^ax CBA3HOCTW 6onee HH3Koro nop^AKa, 

HT06bl MCKTItOHMTb SaL^MKTIMBaHMfl . 

BbiLueonncaHHbiM cnoco6 pacninpeHHoro 
3anpoca m cjDopMnpoBaHne AepeBa cbashocth, 
KaK noKa3aHO A-n« npniviepa Ha cfDMr.9, no3Bon?iK3T 

Ka>KAOMy yCTpOMCTBy-HCTOHHMKy OTblCKHB3Tb 

KpaTHaPiLUUM MapujpyT (c Mcnorib30BaHMeM 

MMHUMaJIbHOrO KOflMHeCTBa yCTpOMCTB-MOCTOB) 

AO ycTpoMCTBa-aApecaTa. OAHaKO stot cnoco6 
He ynnTbiBaeT tot cjDaKT, hto HeKOTopbie 
ycTpoMCTBa MoryT OKa3aTbca He b cocToaHUM 
4)yHKi4MOHnpoBaTb b KanecTBe moctob v\nv\ MoryT 
b TeKyLAMCi MOMeHT 6biTb 3aHHTbi, t. e. He 
o6ecnennBaTb pecypcbi paAnocB^3n, 
Heo6xoAMMbie ati^ peTpaHcn?ii4MH HHcjDopMai4MH 
Mex<Ay ApyrnMM ycTpoMCTBaMM. riocKoribKy ohm 
pa6oTaK)T Ha 6aTapeMHOM nuTaHnn, oSbNHO 
npeAnoHTHTeribHO, HTo6bi nopTaTMBHbie 
ycTpoMCTBa He ncnojib30Barincb b KanecTBe 

yCTpOMCTB- MOCTOB. l~l03TOMy 

yCTpoClCTBO-MCTOHHMK MO>KeT OKasaTbc^ He B 
cocTOAHMM ncnonb30BaTb KpaTHaMLUMM MapmpyT. 
B stom cnynae BbnueonncaHHbiCi cnoco6 
o6ecneHHBaeT cjimllikom Manoe KonnHecTBO 

MHCjDOpMai4HM. 

flnfl Toro HTo6bi peujMTb 3Ty npo6neiviy, 
npeAno>KeH aribTepHaTMBHbiM BapnaHT, 

OnMCaHHbM HM>Ke, KOTOpbM n03BOJ1fleT 

ncnorib30BaTb ApyryKD CTpyKTypy AepeBa. KaK 
noKa3aHO Ha cjDnr. 10, ycTpoMCTBO 10 MMeeT 

B03MO>KHOCTb MCnOflb30BaTb TOflbKO CnMCKM 

aApecoB nepBoro nop^p^ co3AaHM^ 
BToporo AepeBa cbh3HOCTM 1001. KaK v\ b 
cnynae nepBoro AepeBa cba3hocth 901, 
ycTpoMCTBO 9 HaxoAMTca Ha BepniMHe AepeBa 

CBfl3HOCTM 1001. MMeeTCfl Tpn yCTpOMCTBa, 
KOTOpbie MOryT 6blTb CBfl3aHbl C yCTpOMCTBOM 9 

HenocpeACTBeHHO, a HMeHHO ycTpoMCTBa 2, 8 v\ 
10. 3tm ycTpoMCTBa 2, 8 m 10 o6pa3yfOT nepBoe 
Koribi40 CB?i3HOCTki 1003. B a^hhom o6cy>KAeHMM, 

OTHOLLieHUe Me>KAy ASlHHblM yCTpOMCTBOM M 
APyrMMM yCTpoClCTBaMM, C KOTOpbIMM OHO MO>KeT 

CB^3biBaTbc?i "HenocpeACTBeHHO, 6yAeT 
Ha3biBaTbca OTHOLueHneM nopoKAaroii^ero 
sneMeHTa (poAMTerifl) n nopo>KAaeMoro 
sneivieHTa (noTOMKa). TaKUM o6pasoM, 
HanpuMep, ycTpoMCTBO 9 flBrmeraR 
nopo>KAaK3LAMM sneivieHTOM, a sneivieHTbi 2, 8 m 
10 fiBJiiRfOTCfl ero nopo>KAaeMbiMM sneMeHTaivin. 
3th nopo>KAaeivibie sneMeHTbi, 

pacciviaTpHBaeMbie b cbokj onepeAb KaK 
nopo>KAaK)U4Me 3 MoryT HMeTb cbom co6cTBeHHbie 
nopo>KAaeMbie 3neivieHTbi m t.a. 

Ka>KAbii?i nopo>KAaK)L4MM sneMeHT 3HaeT cbom 
nopo>KAaeMbie aneivieHTbi M3 CBoero cnMCKa 
aApecoB nepBoro nop^AKa. flna nocTpoeHMfl 
AepeBa cbashoctm, TaKoro KaK BTopoe AepeBO 

CBA3HOCTM 1001, Heo6XOAHMO 3HaTb TOflbKO 

cnMCOK aApecoB nepBoro nop^AKa. >KenaTeribHO 
coKpaTMTb pa3Mep AepeBa nyTeM yAaneHnq Bcex 

M3flMlJJHMX y3flOB M BeTBeM. flflfl BbinOflHeHMfl 

3Toro, npMMeHfiJOTCfl cr\ej3,ytou\\A& npaBuna: 

1) nopo>KAaeMbie aneMeHTbi (T.e. "AeTM", 
"BHyKM", "npaBHyKM" m t.a) nopo>KAafOLJ4ero 



CM 
O 

CO 



o 

CM 

r 1 



-16- 



ro 



O 



oneivieHTa ("poflMTenfl") He MoryT MMeTb to >Ke 
caMoe MMfl (Hanpniviep, aflpec ycTpoMCTBa), hto 
h MMfl nopo>KflaK) Libera aneivieHTa; 

2) nopo>KflaeMbie sneMeHTbi nopo>KAaeMoro 
aneMeHTa "poAMTena" He MoryT MMeTb to >Ke 
caivioe HMfl, hto n HMn oflHoro \as nopo>KflaeMbix 
aneivieHTOB /laHHoro "poAHTensq"; 

3) moooM" nopo>KAaeMbiM aneMeHT 
"poflMTerifl" He MoweT MMeTb to >Ke caivioe wivm, 
hto m mma flpyrMX nopo>KflaeMbix oneivieHTOB 
3Toro "poflHTejis". 

BTOpoe flepeBO cba3hoctm 1001 flBnaeTca 
pe3ynbTaTOM coonioAeHMfl stmx npaBMJi b 
OTHOLlieHMM ycTpoficTB, npuBefleHHbix ati^ 
npniviepa Ha dp\AV.7. HanpMMep, paccMOTpuM 
nioooe noflBneHi/ie ycTpoMCTBa 5 b TpeTbeM 

KOJ1bl4e CB513HOCTM 1007. KaK MO>KHO BHA^Tb M3 

qbnr.7, cnncoK cbs3hoctm nepBoro nop^AKa 
ycTpoMCTBa 5 MMeeT bma L1 , 5)={4, 6}. OflHaKO 
ecjin 6bi ycTpoMCTBy 5 6bino no3BoneHO HMeTb 
nopo>KflaK)Li4MM sneMeHT b BMfle ycTpoMCTBa 4 b 

HeTBepTOM KOJlbL^e CBA3HOCTM 1009, TO 3TO 

Hapyiumio 6bi BTopoe npaBuno, nocKOJibKy 
ycTpoMCTBO 5, KaK nopo>KA,aeMbiM aneivieHT 
ycTpoficTBa 6, TaioKe nivieno 6bi "GpaTCKMM" 
aneivieHT (T.e. flpyrow nopo>KfleHHbiPi o6""beKT 
"poflMTenfl" 6), MfleHTnqbui^npoBaHHbiM KaK 

yCTpOMCTBO 4. 

6bi ycTpoMCTBy 5 6bi.no 
nopox^eHHbiM aneivieHT b 
6 b HeTBepTOM Konbi4e 
to 3to npuBeno 6bi k 

T3K KaK 3TOT 

ycTpoMCTBa 6 



TaioKe, ecnn 
no3BoneHO MMeTb 
BMfle ycTpoMCTBa 

CBA3HOCTM 1009, 

HapyiueHMio nepBoro npaBuna, 
nopo>KfleHHbiPi aneMeHT b Bn^e 



MMen 6bi "npeAKa" (bo btopom Konbu,e cba3hoctm 
1005), KOTopbiM TaioKe MAeHTnqbuu.npoBaH KaK 

yCTpOMCTBO 6. 

TaKUM o6pa30M, AepeBO He MO>KeT 6biTb 
pacujupeHO b jhooom M3 y3noB, 
npeACTaBnaiomMX ycTpoficTBO 5 b TpeTbeM 
Koribue CBA3HOCTM 1007. OAHaKO MMeioTCfi TaioKe 
y3nbi, npeACTaBnaioLUMe yorpoMCTBO 5 b 
HeTBepTOM Konbi_\e cba3hoctm 1009, TaK KaK 
TaKoe mx pacnono>KeHMe He HapyujaeT HHKaKoe 
M3 npaBun. 

flepeBO CTpOHTCfl M3 CnUCKOB CBH3HOCTM 

nepBoro noppiAKa n coKpamaeTcsi cornacHo AByM 
npaBunaM, onpeAeneHHbiM BbiLue, ao rex nop, 

nOKa HM OflMH HOBbIM V3en He CMO>KeT 6blTb 

6onbiue AoSaBneH. B stot MOMeHT nocTpoeHne 
AepeBa 3aKOHHeHO, n box MMeiomaflCfl 
MHcjDopMai^Hfl cb^3hoctm npeACTaBneHa b 

COOTBeTCTByK)LUieM ycTpoficTBe. 

5-Icho, hto BTopoe AepeBO cbh3HOCTM 1001, 
TaKoe KaK noK33aHO Ha qbnr.10, mojkbt 6biTb 

CC|DOpMHpOBaHO B COOT B eTCT b y fO lu© m ycTpowcTBe 

(HanpuMep, b yorpoMCTBe 9), ecnn sto 
ycTpoMCTBO npwHRno Bee cnncKM aApecoB 
nepBoro nop^AKa. flna o6nerHeHna c6opa stom 
MHC)3opMai4HM, ycTpoMCTBO, KOTopoe npUHMMaeT 
3anpoc, npeAnoHTMTenbHO OTBenaeT Ha Hero He 
TonbKO cbohm cnncKOM aApecoB nepBoro 
nopflAKa, ho n cnncKaMU aApecoB nepBoro 
nopfiAKa Ka>KAoro Apyroro y3na, KOTopbifi eMy 
M3BeCTeH. ^cho TaioKe, hto Ka>KAoe yCTpOMCTBO 
MO>KeT qbopM^poBaTb cxoAHoe AepeBO co cbomm 
co6cTBeHHbiM aApecoM Ha BepiunHe. 

Mo>kho BMAeTb, hto nepBoe, BTopoe m TpeTbe 
Konbi4a cb?13HOCTM 903, 905 n 907 nepBoro 
AepeBa cba3HOCTM 901 (cjDnr.9) MAeHTUHHbi 
nepBOMy, BTopoMy n TpeTbeMy KonbuaM 
CBS 3 h oct m 1003, 1005, 1007 BToporo AepeBa 
CB5q3HOCTM 1001 (cJdw\ 10). OAHaKO BTopoe 
AepeBO cb?13hoctm 1001 OTnunaeTcq ot nepBoro 
AepeBa cb^3hoctm 901 TeM, hto oho kiMeeT 
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AononHMTeribHoe Konbi^o cba3hoctm, a HMeHHO, 

HeTBepTOe KOnbL40 CBfl3HOCTI/l 1009. ripUHMHOM 
TOrO, HTO BO BTOpOM A^peBe CB33HOCTH 1001 

noflBnaeTca sto neTBepToe KoribL^o cb^3hoctm 
1009 (n, cneAOBaTenbHO, BTopoe AepeBO 
CBfl3HOCTH 1001 coAep>KHT GoribLue 
HHcjDopMai_|HM, neM nepBoe AepeBO cBfl3HOCTM 

901) flBfiaeTCJR TO, HTO KpMTepUM COKpaLL^eHMfl, 

KOTopbie 6binn npuMeHeHbi k nocTpoeHMK) 
BToporo AepeBa cba3hocth 1001, He 
npeAycMaTpuBann MUHMMHsai^MM nucna Konei^ 

CB5R3HOCTH. 

KaK TonbKO Aepeso cb?13hoctm onpeAeneHO b 

yCTpOPlCTBe, CBfl3HOCTb CTaHOBHTC^ H3BeCTHOCl, 

TaK KaK Ana Ka>KAoro ycTpoMCTBa, 
OTOcpaweHHoro Ha AepeBe, M3BecTeH aApec m 
MapiupyT ero AOCTH>KeHM5i. KpoMe Toro, TaK KaK 
Knacc o6cny>KMBaHHfl Ka>KAoro ycTpoMCTBa 

H3BeCTeH, TO B03MOKHOCTH BCeX yCTpOMCTB 
nonHOCTbtO M3BeCTHbl. 

fln^ yoraHOBneHHfl coeAMHeHM^ k 
ycTpoCicTBy b cooraBe AepeBa, ycTpoMCTBO, 
cooTBeTCTByK)LAee BepujMHe AepeBa 
(AeficTByiomee KaK ycTpowcTBO-MCTOHHUK), 
MOKeT Bbi6paTb MapiupyTbi b HanpaBneHMM bhh3 
An A ycTaHOBneHHfl coeAHHeHM^ c 
ycTpoPicTBOM-aApecaTOM. MoryT cymecTBOBaTb 
pa3nnHHbie MapujpyTbi. HanpuMep, 

npeAnono>KMM, hto b npuMepe no cpnr.7 
ycTpoMCTBO 7 >KenaeT ycTaHOBHTb coeAHHeHne c 
ycTpoticTBOM 6. Bo3BpaLAascb k qbnr.11, mo>kho 
BMAeTb \A3 BToporo AepeBa CBa3HOCTM 1001 , hto 

HMeeTCfl TpM pa3HblX MapLUpyTa, KOTOpblMH 

mo>kho cneAOBaTb: nepBbiM MapiupyT 1101, 
btopom MapiupyT 1103 m TpeTHM MapiupyT 1105. 
npou,eAypa Bbi6opa MapiupyTOB MO>KeT 
ocHOBbiBaTbca Ha nioSoCi KOM6MHai_|nn 
cneAytOLAMX qbaKTopoB: 

HHCnO yCTpOMCTB-MOCTOB, KOTOpbie 

Heo6xoAMMO ncnorib30BaTb ati^ Kax<Aoro M3 
MapujpyTOB 1101, 1103 n 1105; 

- MMeioT riM npoMe>KyTOHHbie y3nbi Ana 
Ka>KAoro H3 MapujpyTOB 1101, 1103 \a 1105 
B03MO>KHOCTb QbyHKi4MOHnpoBaHHfi b KanecTBe 

yCTpOMCTB-MOCTOB (T.e. HMeiOT JIM 

npoMe>xyTOHHbie y3nbi B03MO>KHOCTb 
peTpaHcnau.MH MHcjDopMau.i/iM b np^MOM v\ 
oSpaTHOM HanpaBneHunx npw aAeKBaTHOM 
noTpeSneHHM moll^hoctm nMTaHMfi Ha 
BbinoriHeHne stom QbyHKL4nn); 

- MoryT nv\ ycTpoPicTBa-MOCTbi f\nn Ka>KAoro 
H3 MapujpyTOB 1101, 1103 v\ 1105 o6ecneHMBaTb 
ckopocth nepeAaHH AaHHbix, >KenaTeribHbie ati^ 

COeAHHeHHfl Me>KAy yCTpofiCTBOM-MCTOHHUIKOM H 

ycTpoMCTBOM-aApecaTOM; 

- MMeiOT JIM yCTpOMCTBa-MOCTbl a^^ Ka>KAoro 

M3 MapiupyTOB 1101, 1103 m 1105 pecypcbi 
paAMOCBfi3H, AOCTaTOHHbie Ana noAflep>KKH 
cfcyHKUMM peTpaHcn^unn; 

HHcno BeTBeM, mcxoa^lamx H3 
ycTpoticTB-MOCTOB Ka>KAoro M3 MapujpyTOB 
1101, 1103 m 1105. HeM 6onbLLie BeTBeM 
hcxoamt M3 y3na BeTBneHun, TeM 6onbLue 
B3anMHbix noMex MoxeT oGycnoBHTb TaKoe 
ycTpoCicTBO-MOCT no OTHOLLieHnio k ApyrHM 
ycTpoCicTBaM. M Hao6opoT, neM MeHbLue BeTBeM 
mcxoaat ot ycTpoMCTBa-MOCTa, TeM nynuje, TaK 
KaK oho 6yAeT co3AaBaTb MeHbLue noMex APyruM 
ycTpoCiCTBaM. 

nepBoe ycnoBMe (T.e. yneT HMcna 
ycTpoMCTB-MOCTOB Ha 3aAaHHOM MapujpyTe) 
MoxeT 6biTb npoMfiniocTpMpoBaHO npw 
cpaBHeHMH nepBoro, BToporo h TpeTbero 
MapmpyTOB 1101, 1103 m 1105. nepBbiM 
MapmpyT 1101 (T.e. 9-2-6) m btopom MapiupyT 
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1103 (T.e. 9-8-6) noTpeoyHDT Ka>KAbiM oaho 

yCTpOMCTBO-MOCT, B TO BpeMH K3K TpeTMM 

MapujpyT 1105 (T.e. 9-10-1-4-6) noTpe6yeT 
Tpex ycTpowcTB-MOCTOB. npeflnojiaraa, hto 

Ka>KAOe M3 yCTpOMCTB-MOCTOB B flaHHOM 

npniviepe mokst 6biTb ncnonb30BaHO b KanecTBe 
MOCTa c HaAne>KaLU,HMH xapaKTepncTHKaMi/i 3 
npeflnoHTMTeribHbiMn oyAyT nepBbiM n BTopow 
MapujpyTbi 1101 m 1103, BBUfly MeHbiuero 
KOJinnecTBa TpeoyeMbix ycrpoMCTB-MOCTOB. 

OflHaKO eCJIM K TO My >Ke B3>KHO HMCJIO BeTBBM, 
MCXOfl^Li^HX M3 yCTpOMCTB-MOCTOB, TO BTOpOM 

MapujpyT 1003 aBrmeTca npeflnoHTMTeribHbiM no 
OTHOLueHMfo k nepBOMy MapujpyTy 1 101, TaK KaK 

yCTpOWCTBO-MOCT 8 C03AaCT MeHbLUe B3aMMHblX 
flOMeX, HeM yCTpOMCTBO-MOCT 2. (3T0T BblBOA 

ocHOBaH Ha yneTe Toro abaKTa, hto M3 
ycTpoPicTBa-MOCTa 2 mcxoaht neTbipe BeTBH, b 

TO BpeMfl KaK M3 yCTpOMCTBa MOCTa 8 - TOJIbKO 
flBe BeTBM.) 

Ecnn, oflHaKO, ycTpoficTBa 2 n8 aBJiaioTca 

nopTaTMBHblMH yCTpOMCTBaMM, HaXOfl51TC^ B 
COCTOflHMM 3aH^TOCTH MJ1H He MoryT 
peTpaHcnupoBaTb MHcjDopMai^MK), to ocTaeTca 
ToribKO TpeTHM MapujpyT 1105. 3aMeTHM, hto 
stot ajibTepHaTMBHbiM MapujpyT He cymecTByeT 
b nepBOM flepeBe cbs3hoctm 901 , KOTopoe 6bmo 
coKpaLU,eHO c Mcnonb30BaHneM KpnTepua 

MMHMMaJIbHOrO KOJIHHeCTBa MOCTOB. 

npeflnojiaraa, hto Bbi6paH btopom MapujpyT 
1103, coeflMHeHne MO>KeT 6biTb ycTaHOBneHO 
nyTeM coeAMHeHna ycTpoMCTBa 9 CHanana c 
ycTpoficTBOM 8, c 3anpocoM k ycTpoficTBy 8 
flewcTBOBaTb b KanecTBe ycTpoMCTBa-Mocra, n 
3aTeM ycTaHOBneHUfl MOCTOBoro coeAHHeHMfl c 
ycTpoMCTBOM 6. YcTpoMCTBO 8 SyfleT 3aTeM 
ycTaHaBnuBaTb coeAMHeHi/ie c ycTpoficTBOM 6 n 
3aTeM CBA3biBaTb Asa coeAMHeHMfl c 
ycTpoMCTBaMU 6 n 9 Ana oSecneneHMfl BToporo 
MapuipyTa 1 103 (T.e. 9- 8 - 6). 

BbiLue onucaHa caMoopraHHsyiomaflCfl 
TexHonorufi oecnpoBOAHbix noKanbHbix ceTew. 
KaK m b cnynae CTaHAapTHbix 6ecnpoBOAHbix 
jioKaribHbix ceTeM, cooTBeTCTByjoLnafl 
M3o6peTeHHfo caMoopraHH3yfouiaflCfl CMCTeMa 
6ecnpoBOAHbix noKanbHbix ceTeffi MO>KeT 
Mcnorib30BaTb npoBOflHyfo JioKanbHyio ceTb, no 

OTHOUJeHMK) K KOTOpOM MHAMBMAyaflbHbie 

oecnpoBOAHbie ycTpoMCTBa o6"pa3yK)T 
SecnpoBOAHbie pacujupeHMfi. >KejiaTenbHOCTb 
Aa h ho ro noAXOAa 3aBMCHT ot KOHKpeTHoro 

npHMeHeHMfl. B SKOHOMMHHblX npMMeHeHMfix, rfle 

euj,e He cymecTByeT JioKaribHbix ceTefi 
(HanpuMep, b pe3HAeHTHbix npMMeHeHMflx), 
TexHonorufi aBTOMaTMHecKoro 
KOHcjDnrypupoBaHU?! cucTeMbi (no npnHU,nny 
"BKJifo^aPi m paooTaM") Ha ocHOBe 
caMoopraHM3yK)UJ,eMCfl 6ecnpoBOAHOM 
jnoKajibHoPi ceTM c noriHOM 6ecn poboahom 
CB«3HOCTbK) MOKeT OKa3aTbca Sojiee 
npeAnoHTHTejibHOM, neM pacneT Ha npoBOAHyfo 
MHcjopacTpyKTypy . KaK yBejinneHHasR AaribHOCTb 
AeMCTBMfl, TaK n TpeoyeMaa nponycKHaa 
cnoco6HOCTb MoryT 6biTb o6ecneneHbi 6e3 TpyAa 
nyTeM pa3Meu4eHMfl ycTpoPicTB-MOCTOB b 
CTpaTernnecKM Ba>KHbix no3ni_\MfJx. Ecnn 
6ecnpoBOAHbie ycTpoMCTBa oGecnennBaioT 
6ojiee HM3Kyto CTOHMOCTb, to 3TOT noAXOA oy AeT 
6ojiee SKOHOMMHHbiM, HeM ncnorib30BaHMe 
npoBOAHOM MHCtppacTpyKTypbi. npoBOAHaa 
MHcjDpacTpyKTypa noTpe6oBana 6bi noriHOW 
AonojiHUTejibHOM JioKaribHOM ceTH co BceMM ee 
npoTOKOJiaMU n annapaTHbiMM cpeACTBaMH. 
flaxe ecjnn ncnojib30BaTb AeweByK) cpeAy 
nepeAa^n, noAo6HO jiuhmam nnTaHi/m mjim 
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TeneBM3HOHHbiM Kaoej-mM, to Bee paBHO 
ocTaeTca MHct>pacTpyKTypa, Tpe6yeMaa Ana 
nepeAann MHcjDopMai4HM nepe3 3Ty cpeAy. 
06jR3aTeribH0 Heo6xoAMMO 6yAeT ycTpoMCTBO 
npeo6pa30BaHM^ atis conp?i>KeHMfl oGnacTeM 
npoBOAHOM noKaribHoPi ceTM n GecnpoBOAHOM 
jioKajibHofi ceTH. TaKoe conpflraHDinee 
ycTpoMCTBO npeo6pa30BaHMfl Bepo^THO 6yAeT 
He Aeu-ieBiie, neM hmcto 6ecnpoBOAHbm moct, 
o6ecnennBaeMbiM AByMfl SecnpoBOAHbiMn 
npneMonepeflaTHMKaMM. 

Eu4e oamh Bonpoc CB5q3aH c Seen poboah bi m 
pacujupeHneM cyu4ecTByKDU4ew npoBOAHOM 
jioKajibHow ceTH. Oaho mjih HecKOJibKO 
6ecnpoBOAHbix ycTpoPicTB MoryT ASMCTBOBaTb b 
KanecTBe c£nKcnpoBaHHbix HacTeM b npeAenax 
6ecnpoBOAHoPi JiOKajibHOM ceTH. Ka>KAoe 
cjDHKCMpoBaHHoe 6ecnpoBOAHoe yorpoMCTBO 
MO>KeT ycTaHaBfiMBaTb nkiKoceTb m MO>KeT 
AeticTBOBaTb b KanecTBe BeAyi-Uero ycTpoMCTBa. 
(3aMeTMM, hto HecKOJibKO 6ecnpoBOAHbix 
ycTpoficTB MoryT 6biTb pacnono>KeHbi pfiAOM b 

cocTaBe oahom n tow «e C|DMKCHpOBaHHOpi HaCTM. 
) npoTOKoribi Ana oecnpoBOAHbix ycTpoCiCTB 
6yAyT Ae^CTBHTejibHbi TOJibKO aji^ 
KOMMyHHKai4nPi HH>KHero ypoBHa. JlKo6"bie 
npoTOKoribi npoBOAHbix JioKajibHbix ceTePi Ana 
pacLui/ipeHHH mx Ha nopTaTMBHbie ycTpoPicTBa 
Aon>KHbi o6pa6aTbiBaTbCfl Ha 6onee BbicoKkix 
ypoBH^x; T.e. SecnpoBOAHaa nacTb noKajibHOM 
ceTM AOJi>KHa 6biTb npo3panHOW Ana hhx. 

riOMMMO COeAHHeHI/IM C CjDHKCMpOBaHHblMM 

nyHKTaMM, nopTaTMBHbie 6ecnpoBOAHbie 6jiokm b 
npeAenax A^-ntaHOCTM as^ctbm?i MoryT BcerAa 
ycTaHaBfiMBaTb npoM3BOJibHyio ceTb Me>KAy 
co6om. 3to pa3rpy>KaeT npoBOAHbie noKajibHbie 
ceTM m yBeriMHMBaeT nponycKHyio cnoco6HOCTb, 
nocKoribKy npoMe>KyTOHHoe ycTpoMCTBO 
(HanpMMep, cjDMKCMpoBaHHaa nacTb) He 
Tpe6yeTca, ecriM coeAMHeHMe mokbt 6biTb 
ycTaHOBJieHO Hanp^Myro. 

npMMep ocyuj l ecTBneHM?i CMCTeMbi, 
peariMsyMDLU.eM pa3JiMHHbie npM3HaKM , 
cooTBeTCTByrom.Me M3o6peTeHMHD, 6yAeT onwcaH 
HM>Ke co ccbiriKaMM Ha qbMr.12. l~loKa3aHbi ABa 
6ecnpoBOAHbix ycTpowcTBa: nepBoe ycTpoMCTBO, 
o6o3HaneHHoe ksk Beflymee ycTpoMCTBO 1201, m 
BTopoe ycTpoMCTBO, o6o3HaneHHoe KaK 
noAHMHeHHoe ycTpoMCTBO 1203. Ka>KAoe H3 gthx 
ycTpoMCTB noKa3aHO KaK coAep>Ka Lu.ee TonbKO re 
cpeACTBa, KOTopbie HeooxoAMMbi Ana 

BbinOTIHeHMfl nOKa3aHHblX CjDyHKL4MM , CB33aHHblX c 

cooTBeTCTByfOLu.MM Ha3HaneHMeM BeAyu4ero m 
noAHMHeHHoro ycTpoMCTB. CneAyeT MMeTb b 
BMAy, OAHaKO, hto pacnpeAeneHMe qtyHKUMM KaK 
MCKJiKJHMTejibHO Ana BeAyuiero ycTpoPicTBa m 
HCKJiKJHMTeribHO Ana noAHMHeHHoro ycrpoMCTBa 
ncnorib30BaHO riMLUb Ana o6nerHeHMa 
noacHeHMfl MsoepeTeHkia, m M3o6peTeHMe 
oxBaTbiBaeT m TaKMe BapwaHTbi ycTpoMCTB, 
KOTopbie BKJifOHaKOT Bee Heo6xoAMMbie 
KOMnoHeHTbi Ana BbinoriHeHMa QbyHKU,MM 
BeAyLU,ero m noAHMHeHHoro ycTpoMCTB. KpoMe 
Toro, cneAyeT OTMeTMTb, hto noKa3aHbi ToribKO 
re KOMnoHeHTbi, KOTopbie HenocpeACTBeHHO 

OTHOCSTCfl K M306peTeHMHD. OAHaKO 

cneuMariMCTaM b a^hhom o6jiacTM TexHMKM 
AOJ1>kho 6biTb noHaTHO, hto BeAyLU.ee m 
noAHMHeHHoe ycTpoMCTBa BKrifonafOT m 
AonojiHMTeribHbie KOMnoHeHTbi, TaKMe KaK 
npMeMonepeAaTHMKM m T.n., KOTopbie xopoujo 
M3BecTHbi m KOTopbie HeoSxoAMMbi Ana 
ocyLU,ecTBJieHMa 6ecnpoBOAHOM CBa3M b 
cooTBeTCTBMM c M3o6peTeHneM . 

C BeAyu4MM ycTpoMCTBOM 1201 CBfi3aH aApec 
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1205 Beflymero ycTpoficTBa, KOTopbifi 
npeflCTaBJifleT co6om koa, yHUKaribHbiM o6pa30M 

M.qeHTMCjDMI^MpyiOLJJ.MM 3TO yCTpOHCTBO B 

cucTeivie. BeAyLU.ee ycTpoficTBO 1201 TahOKe 
BKnNDMaeT b ceoa reHepaTop 1207 TaKTOBoro 
cm man a BeAynLero ycTpoficTBa. 

fllia TOrO HTOObl MMeTb B03MO>KHaCTb 

ycTaHOBMTb coeAHHeHMfl, BeAyniee ycTpotfcTBO 
1201 aoJ^>kho 3HaTb aApeca Apyrwx ycTpoficTB, c 

KOTOpblMH MO>KeT 6blTb yCTaHOBJieHO 

coeAHHeHne. flrifl BbinonHeHna stow c^yma^M 
BeAyi-Mee ycTpoficTBO 1201 BKnfonaeT b ceoa 
cpeACTBO 3anpoca 1209, KOTopoe 
cj^yHKUnoHnpyeT b KanecTBe cpeACTBa Ana 
nepeAa^n coo6LneHHM 3anpoca, KaK onucaHO 
Bbiiue. CpeACTBO 3anpoca 1209 TaiOKe 

npUHMMaeT OTBeTbl (HHCjDOpMaLJUlO 1211 06 

aApecax m to n on o run) m ynopHAOHHBaeT wx b 
cooTBeTCTBMH c MeTOAaMH nocTpoeHna AepeBa 
cb^3hoctm, KaK onucaHO BblLUe. 

noAHUHeHHoe ycTpowcTBO 1203 TaiOKe 
CBfi3aHO c aApecoM 1213 noAHHHeHHoro 
ycTpoMCTBa n TatoKe BKntonaeT b ce6fl reHepaTop 
1215 TaKTOBoro CMmana noAHUHeHHoro 
ycTpowcTBa, KOTopbiw He AOJ~i>KeH 6biTb 
o6?i3aTenbHO cnHxpoHH3npoBaH c BeAymuM 
ycTpoMCTBOM 1201. flna Toro HTo6bi MMeTb 
B03MO>KHOCTb OTBeTa Ha 3anpocbi ot BeAymero 
ycTpoPicTBa 1201, noAHWHeHHoe ycTpoPicTBO 
BKHfonaeT b cbom codaB cpeACTBO OTBeTa 1217, 
cjDyHKUjUeM KOTOporo HBnfleTca pacnosHaBaHMe 
npuHMMaeMbix 3anpocoB w cfcopMHpoBaHwe n 
nepeAana cooTBeTCTBy^mero OTBeTa Ha3aA k 
BeAymeMy ycrpoMCTBy 1201. KaK yKa3aHO Bbiiue, 
OTBeT MOKeT coAep>KaTb He TonbKO aApec 1213 
noAHUHeHHoro ycTpoficTBa, ho m Apyryro 
MHCpopiviaL^HK), TaKyio KaK KJiacc o6cny>KHBaHHfi 
noAHMHeHHoro ycTpoMCTBa m TeKyu^nM OTcneT 
TaKTOBoro cumana noflHMHeHHoro ycTpoMCTBa. 

flrifl Toro HTo6bi BeAymee ycTpoMCTBO 1201 
Momo ycTaHOBHTb coeAHHeHMe c noAHMHeHHbiM 
ycTpoMCTBOM 1203, oho AononHMTeribHO 
CHa6>KeHO cpeACTBOM nowcKOBoro BbisoBa 1219, 
KOTopoe nepeAaeT nefiA>KHHroBbie cooGLi^eHUfi, 
KaK onucaHO Bbiiue. nefiA^MHroBoe coo6LneHne 
coAep>KHT aApec noA'-inHeHHoro ycTpoMCTBa, 
MHc|Dopiviai4na o kotopom nonyneHa ot cpeACTBa 
3anpoca 1209. (Pa3yMeeTCfl, ecnw Tononornfl 
Tpe6yeT, HTo6bi coeAHHeHne 6bino ycTaHOBneHO 
nepe3 y3er-MOCT (He noKa3aHo), to 
nefiA>KMHroBoe coo6u4eHne aoji>kho BKrifonaTb b 
ce6fl aApec y3na-MOCTa.) B oahom M3 BapnaHTOB 
nei^A>KMHroBoe coo6"LAeHwe M0>KeT BKXiioHaTb b 
ceoa 3anpoc Ha ycTaHOBneHne coeAHHeHM^ c 
noA^HHeHHbiM ycTpoficTBOM 1203. B ApyroM 
BapnaHTe nefiA>KHHroBoe cooo'm.eHMe cry>KMT 
TonbKO An^ ycTaHOBfieHMfl coeAHHeHMfi c 

y3J10M-MOCTOM. llOCne yCTaHOBJieHMfl 

coeAHHeHMfl c y3noM-MOCTOM BeAyLAee 
ycTpowcTBO 1201 BbiAaeT 3anpoc Arm MOCTa Ha 
ycTaHOBJieHne coeAHHeHHfl c noAHUHeHHbiM 

yCTpOMCTBOM 1203. 

Ecnn noAHUHeHHoe ycTpoMCTBO 1203 He 
ncnonb3yeTCfl 3 oho HaxoAMTca b Ae>KypHOM 

pe>KMMe. COOTBeTCTBeHHO, B nOA^MHeHHOM 

ycTpoMCTBe 1203 MMeeTCfl cpeACTBO 1221 

aKTMBH3ai_|MH. CpeACTBO 1221 aKTHBH3aLLMH 

BKnfOHaeT b ceofl TaPiMep 1223, KOTopbiPi 
o6ecneHMBaeT nepnoAMHecKyfo aKTHBH3aL4Mio 
noAHMHeHHoro ycTpoMCTBa 1203 Ana 
onpeAeneHMfl Toro, He npeAHa3HanaeTCfl jim 
npuH^Toe neCiA>KHHroBoe coo6meHne Rnn 
Aa h ho ro noAHUHeHHoro ycTpoMCTBa 1203. fl.rm 
3TOM L^enn npeAycMOTpeH otiok 1225 cpaBHeHnq 
aApecoB. Ecnw aApec noAHMHeHHoro ycTpoMCTBa 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



1213 coBnaAaeT c aApecoM npuH^Toro 
neMA>KMHroBoro cooGiAeHkm, to cpeACTBO 1227 
OTBeTa b cocTaBe cpeACTBa 1221 aKTMBH3ai4MH 
reHepupyeT m nepeAaeT cooTBeTCTByKDL^MM 
OTBeT H333A k Beflymeiviy ycTpowcTBy 1201. 

Oamh H3 acneKTOB HacToaniero n3o6peTeHMfi 
3aKJiK3MaeTca b tom, mto KaK BeAyi^ee 
ycTpoCiCTBO 1201, TaK v\ noAHMHeHHoe 
ycTpoPicTBO 1203 Mcnonb3yraT cucTeiviy cbh3h co 

CKaHK006pa3HblM M3MeHeHHeM HaCTOTbl. 

BcrieACTBue 3Toro noAHUHeHHoe ycTpoticTBO 
1203 aKTHBM3HpyeTC5R Ha jik)6om oahom H3 p^Aa 
npeABapnTenbHO onpeAeneHHbix nacTOT 
noncKOBoro Bbi30Ba, M3MeH^K)LAHxcfi no 
CKaHKOo6pa3HOMy 3aKOHy. nocKoribKy b 
BeAyu^eM ycTpoMCTBe 1201 He n3BecTHO tohho, 

H3 KaKOM M3 CKaMK006pa3HO MeHfllOLUMXCfl H3CTOT 

6yAeT aKTMBM3npoBaHO noAHUHeHHoe 
ycTpoPicTBO 1203, oho noBTopHO nepeAaeT 
neMA>KMHroBoe coo6u4eHne c BbicoKofi nacTOTOM 
noBTopeHU^ Ha pa3JiMHHbix CKaHKOo6pa3HO 

M3MeH^K3LAMXCfl 3HaHeHHJ1X HaCTOTbl. Oho 

ncnorib3yeT CKanKoo6pa3HO \AZMeHft\o\i\v\ecn 
3Ha^eHMfl aKTMBH3ai_|nn h nocneAOBaTeribHOCTb 
CKaHKOo6pa3Horo n3MeHeHMfl aKTMBH3au,nn 
npneMHMKa Bbi30Ba n nbiTaeTcn ycTaHOBHTb 
CBA3b c npneMHMKOM Bbi3QBa nyTeM nepeAann 
nePiA>KMHroBoro coo6LU,eHMfl Ha MaKCMMajibHO 

B03MO>KHOM KOJIMHeCTBe CKaHK006pa3HO 

H3MeHflK3LAMXCfl 3HaHeHMM HaCTOTbl. 

riocrieAOBaTeribHOCTb CKanKoo6pa3HO 

M3MeHflKDLAMXCfl 3HaHeHHM aKTMBM3ai4MM 

reHepupyeTC^ reHepaTopoM 1229 
netiA>KMHroBoro KaHana b cocTaBe cpeACTBa 
1219 noncKOBoro Bbi30Ba. npeAnoHTHTeribHbiCi 

CnOC06 yCTaHOBfieHUfl CBfl3H C yCTpOMCTBOM, 

HaxoAamnMCfl b Ae>KypHOM pe>KMMe, 6onee 
noriHO onucaH b BbiLueynoM^HyToPi 3a^BKe Ha 
naTeHT CLUA 08/771692 Ha "CnocoS AOCTyna b 

CMCTeMe CB^3M CO CKaHK006pa3HblM M3MeHeHHeM 

nacTOTbi KaHanoB", noAaHHOM 23 A©Ka6pa 1997 
Ha MMfl Haartsen et al. 

nocne Toro KaK coeAWHeHne ycTaHOBneHO, 
BeAyiMee ycTpowcTBO 1201 nepeAaeT cbom 
aApec 1205 BeAymero ycTpoficTBa m TaKTOBbiM 
curHan 1207 BeAym,ero ycTpoi?icTBa k 
noAHUHeHHOMy ycTpoPicTBy 1203. AApec 1205 
BeAyLAero ycTpoMCTBa m TaKTOBbiPi curHari 1207 
BeAyLAero ycTpoMCTBa 3aTeM ncnonb3yK)TCfl atia 
onpeAeneHMjR BnpTyanbHoro KaHana co 

CKaHK006pa3HblM M3MeHeHHeM HaCTOTbl, 

KOTopbiM Aon>KeH ncnonb30BaTbC5^ AJ~i^ 
ocyLAecTBJieHMfl cb?i3m Me>KAy BeAyiAMM 

yCTpOMCTBOM 1201 W nOAHUHeHHblM 

ycTpoPiCTBOM 1203. B BeAymeivi ycTpoMCTBe 
1201 cpeACTBO CB5R3H BeAyiA ero ycTpoMCTBa 
BKJiKJHaeT 6tiok 1231 Bbi6opa KaHana, KOTopbiM 
reHepupyeT CKaHKOo6pa3HO n3MeHflfOLAneca 

MaCTOTbl B COOTBeTCTByfOLAMe MOMeHTbl 

BpeMeHU, ocHOBbiBa^cb Ha aApece 1205 
BeAyLAero ycTpoMCTBa (KOTopbiPi onpeAen^eT 
nocneAOBaTeribHOCTb CKanKoo6pa3Horo 
M3MeHeHMfi) m TaKTOBOM cwrHane 1207 BeAyLAero 
ycTpoMCTBa (KOTopbiCi onpeAermeT cf)a3y 
nocneAOBaTeribHOCTM CKanKoo6pa3Horo 

MSMeHeHMfl). 

B noAHUHeHHOM ycTpoMCTBe 1203, 
aHanornHHbiM o6pa30M, b cocTaB cpeACTBa 

CBJR3M 1233 nOAHMHeHHOrO yCTpOMCTBa BKJIIOHeH 

6jiok 1235 Bbioopa KaHana Ana reHepupoBaHMiR 

CKaHK006pa3H0 M3MeHflHDLAMXC?1 HaCTOT B 
COOTBeTCTByKDLAHe MOMeHTbl BpeMeHU , 

ocHOBbiBaacb Ha aApece 1205 BeAyLAero 
ycTpoPicTBa (KOTopbiti onpeAen5ieT 
nocneAOBaTenbHOCTb CKanKoo6pa3Horo 
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M3MeHeHM3) m TaKTOBOM cun-iane 1207 Beflymero 
ycTpoMCTBa. B npeflnoHTMTeribHOM BapnaHTe 
ocyLnecTBneHMfl ner HeooxoAMMOCTM Ann 
nofl^nHeHHoro ycTpoMCTBa 1203 

nepeycTaHaBriMBaTb ero TaKTOBbiM curHan 1215 
nofl^nHeHHoro ycTpoficTBa Ann ooecneneHMn 
coBnaAeHMn c TaKTOBbiM curHanoM BeAymero 
ycTpowcTBa 1201 . BiviecTO 3Toro, Kor^a 
TaKTOBbiM curHan 1207 BeAymero ycTpoMCTBa 
BnepBbie npMHMMaeTcn noAHUHeHHbiM 
ycTpoficTBOM 1203, to onpeAenneTcn m 
aanoMWHaeTCfl pa3HOCTb Me>KAy TaKTOBbiM 
curHanoM 1207 BeAymero ycTpoMCTBa n 
TaKTOBbiM curHanoM 1215 noAHUHeHHoro 
ycTpowcTBa. 3aTeM bcakhm pa3, KorAa b 
noA^HHeHHOM ycTpoMCTBe 1203 HeocxoAMMO 
TeKyu^ee 3HaM9Hne TaKTOBoro cvirHana BeAymero 

yCTpOplCTBa, OHO BblHMCnneTCn Ha OCHOBe 

3anoMHeHHoPi pa3HOCTM n TeKyu^ero 3HaneHMn 
TaKTOBoro curHana 1215 noAHMHeHHoro 
ycTpowcTBa. 

flnq Toro HTo6bi ooecneHMTb B03MO>KHOCTb 
ycTaHOBJieHMfi coeAHHeHMn 6onee OAHoro 
noAHUHeHHoro ycTpoMCTBa 1203 c oahmm h TeM 
>Ke BeAyu-iMM ycTpoMCTBOM 1201, noA^HHeHHoe 
ycTpoPiCTBO 1203 AononHMTenbHO BKnionaeT b 
ce6n BTopofi 6noK 1237 cpaBHeHMn aApecoB. 
KaK OTMeneHO BbiLue, Ka>KAan nepeAana b 
nuKoceTM BKnionaeT aApec cooTBeTCTByfomero 
npneMHMKa Bbi30Ba. nosTOMy Ha3HaneHneM 
BToporo 6\noKa 1237 cpaBHeHMn aApecoB 
nBnneTcn cpaBHeHne npMHnToro aApeca 
aApecaTa Bbi30Ba c aApecoM 1213 
co6cTBeHHoro noAHMHeHHoro ycrpoMCTBa Ann 
onpeAeneHMn Toro, nBnneTcn nn oho 
npeAHasHaMeHHbiM npneMHMKOM npMHnTOM 
nepeAann. 

M3o6peTeHne onucaHO co ccbiriKaMki Ha 
KOHKpeTHbiM BapnaHT ocyL^ecTBrieHU^. OAHaKO 
cnei^nanncTaM b asihhom oonac™ TexHMKH 

AOJ1>KHO SblTb nOHflTHO, HTO MO>KHO peanM30BaTb 

M3o6peTeHne b KOHKpeTHbix cjDopMax, MHbix, new 
onucaHHbie Bbinie npeAnoHTHTeribHbie BapnaHTbi 
ocyLAecTBfieHMfl. 3to MO>KeT 6~biTb CAenaHO 6e3 

OTKTlOHeHMfl OT CyiAHOCTM H300~peTeHHfl . 

npeAnoMTHTeribHbie BapnaHTbi fiBJiflfOTCJi npocrro 

UnJIIOCTpaTMBHblMH M He AOJ1>KHbl 

pacciviaTpHBaTbCfl KaK orpaHMHUBaioLi^Me 
M3o6peTeHH?i. 06~beM M3o6peTeHMn 
onpeAenneTcn nyHKTaivin cjDopiviynbi 
M3o6peTeHH?i, a He npuBeAeHHbiM Bbiwe 
onucaHneM, w Bee BapnaHTbi \a 3KBHBaneHTbi, 
KOTopbie nonaAahDT b paMKM nyHKTOB cjDopMyribi 
M3o6peTeHHfl, CHMTaroTcn BXOAflU-iUMH b ero 
oo"-beM. 

OopMyna M3o6peTeHMfl: 

1 . BecnpoBOAHan ceTb, coAepwaman 
BeAyi^ee ycTpoficTBO m noAHMHeHHoe 
ycTpoficTBO, npuneM BeAymee ycTpoficTBO 
coAep>KHT cpeACTBO Ann nepeAann aApeca 
BeAyL^ero ycTpoPicTBa k noAHMHeHHOMy 
ycTpowcTBy, cpeACTBO Ann nepeAann TaKTOBoro 
cumana k noAHMHeHHOMy ycTpoficTBy n 
cpeACTBO Ann ocyLnecTBJieHnq cBn3M c 
noAHUHeHHbiM ycTpowcTBOM nocpeACTBOM 
BnpTyaxibHoro KaHana co CKaHKOo6"pa3HbiM 
M3MeHeHneM nacTOTbi, npi/MeM noAHUHeHHoe 
ycTpotiCTBO coAep>KHT cpeACTBO Ann npneivia 
aApeca BeAymero ycTpo^cTBa ot BeAyi-Mero 
ycTpoMCTBa, cpeACTBO ati^ npweivia TaKTOBoro 
CMmana BeAyi-Uero ycTpowcTBa ot BeAymero 
ycTpowcTBa m cpeACTBO An* ocyu^ecTBrieHM^ 
cb?13h c BeAyLL^MM ycTpoMCTBOM nocpeACTBOM 
BnpTyaribHoro KaHana co CKaMKOo6pa3HbiM 
M3MeHeHneM nacTOTbi, npn 3TOM 



nocneAOBaTenbHOCTb CKanKoo6pa3Horo 
n3MeHeHMfl nacTOTbi BnpTyanbHoro KaHana co 

CKaHK006pa3HblM M3MeHeHHeM HaCTOTbl 

flBnseTCfl ctDyHKi^neCi aApeca BeAyu^ero 
ycTpowcTBa, npuHeM aApec BeAyi-Uero 
5 ycTpoCicTBa ABnfleTCfl yHMKanbHbiM aApecoM, 
MAeHTHc^ni^npyioLUMM ycTpoMCTBO, a cj3a3a 
nocneAOBaTenbHOCTb CKanKoo6pa3Horo 
n3MeHeHH3 nacTOTbi BnpTyanbHoro KaHana co 

CKaHK006pa3HblM M3MeHeHHeM HaCTOTbl 

10 ABn^eTCfi a>yHKi_|neii TaKTOBoro cumana 
BeAyLAero ycTpowcTBa. 

2. BecnpoBOAHaa ceTb no n. 1, 
oTnHHafOLAaacfl TeM, hto Be Ay la ee ycTpowcTBo 
AononHMTenbHO coAepKMT cpeACTBO ati^ 
nepeAann coo6iAeHi/ifl sanpoca, Tpe6yK3LAero 

^5- aApeca noAHMHeHHoro ycTpoPicTBa ot 
noAHMHeHHoro ycTpowcTBa, npwneivi aApec 
noA^MHeHHoro ycTpoMCTBa ABnfieTCfl 
yHMKanbHbiM aApecoM, MAeHTHcjDML4MpyioiAHM 
ycTpoCicTBO, a noAHMHeHHoe ycTpoficTBO 
AononHMTenbHO coAep>KHT cpeACTBO nxi* 

20 npneMa coo6LAeHnq 3anpoca n cpeACTBO ati^ 
OTBeTa Ha coo6"LAeHne 3anpoca Ana nepeAann 
aApeca noAHMHeHHoro ycTpoMCTBa k BeAymeMy 
ycTpoCicTBy. 

3. BecnpoBOAHaa ceTb no n. 2, 
OTnunafOLAaacfl TeM, hto BeAymee ycTpoPicTBO 

25 AononHMTenbHO coAep>KMT cpeACTBO Ann 
npMeMa MHcjDopMai4MM 06 aApece noAHMHeHHoro 
ycTpoMCTBa m TononorMM ot 6onee neM OAHoro 
noAHMHeHHoro ycTpoMCTBa m cpeACTBO Ann 
cjDopMMpoBaHMn A^peBa KOHqbMrypai^MM mcxoa^ 

qq \A3 MHcjDopMai^MM 06 aApece n Tononornn. 

4. BecnpoBOAHan ceTb no n. 3, 
OTnMHawLAancn TeM, hto BeAymee ycTpoMCTBO 
AononHMTenbHO coAep>KMT cpeACTBO Ann 
Mcnonb30BaHMn Aepesa KOHqbMrypai4MM Ann 
onpeAeneHMn MapiupyTa Ann coeAMHeHMn 

35 Me>KAy BeAyiA^M yCTpOMCTBOM M nOAHMHeHHbIM 
yCTpOMCTBOM. 

5. BecnpoBOAHan ceTb no n. 3, 
OTnMHaioLAancn TeM, hto MHqbopMai4Mn 06 
aApece noAHMHeHHoro ycTpoMCTBa m TononorMM 
BKnioHaeT coGcTBeHHbiM aApec ot Ka>KAoro M3 

40 6onee neM OAHoro noAHMHeHHbix ycTpoMCTB m 
TonbKO cnMCKM aApecoB nepBoro nopnAKa ot 
Ka>KAoro M3 Sonee neM OAHoro noAHMHeHHbix 
ycTpoMCTB, a cpeACTBO Ann cpopMMpoBaHMn 
AepeBa KOHc|DMrypai4MM MCXOAn M3 MHcjDopMai4MM 
oo" aApece m TononorMM coAep>KMT cpeACTBO Ann 

45 CjDOpMMpOBaHMn n KOneU, CBn3HOCTM M3 CnMCKOB 

aApecoB nepBoro nopnAKa, rAe n 
nono>KMTenbHoe i^enoe nucno, npuneM cpeACTBO 
Ann cjDopMMpoBaHMn qbopMMpyeT Ka>KAoe M3 
Konei4 CBn3HOCTM b cooTBeTCTBMM c npaBMnoM, 

50 HTO KOnbL^O CBn3HOCTM C 6onee BblCOKMM 
HOMepOM He MO>KeT BKnionaTb ycTpoMCTBa, 
npeACTaBnnfOLAMe y3nbi, KOTopbie y>Ke 6binM 
npeACTaBneHbi y3noM b Konbi4e CBn3HOCTM c 
6onee hm3kmm HOMepoM. 

6. BecnpoBOAHan ceTb no n. 3, 
55 OTnMHa^LAancn TeM, hto MHqbopMai^Mn 06 

aApece noAHMHeHHoro ycrpoMCTBa m TononorMM 
BKnioHaeT co6cTBeHHbiM aApec ot Ka>KAoro M3 
6onee neM OAHoro noAHMHeHHbix ycTpoMCTB m 
TonbKO cnMCKM aApecoB nepBoro nopnAKa ot 
Ka>KAoro M3 Sonee neM OAHoro noAHMHeHHbix 
60 ycTpoMCTB, a cpeACTBO Ann cjDopMMpoBaHMn 
AepeBa KOHCjDMrypai4MM MCXOAn M3 MHC{DopMai4MM 
06 aApece m TononorMM coAep>KMT cpeACTBO Ann 

CjDOpMMpOBaHMn n KOnei^ CBn3HOCTM M3 CnMCKOB 

aApecoB nepBoro nopnAKa, rAe n 
nonoKMTenbHoe i^enoe MMcno, npuneM cpeACTBO 
Ann cjDopMMpoBaHMn qbopMMpyeT Ka>KAoe M3 
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Konei4 cb?i3hocth c yneTOM KonbLja cbh3hoctm c 
TeKymuM HOMepoiw, nMejoL^ero nopo>KflafOLnne 

y3Jlbl, M BKTlK)Hafl B KOJlblje CBH3HOCTM CO 

cneAyfOLL^HM 6onee BbicoKUM HOMepoM Te ysnbi, 
npeACTaBJi?iHDLi4ne Bee nopo>KflaeMbie y3Jibi 
nopo>KflaK)LHMX y3JioB, KOTopbie yAOBneTBopaioT 
cneAyfOLHniw npaBMnaiwi: HHKaKOM M3 
y3noB-noTOMKOB He MO>KeT npeflCTaBJiflTb to >xe 
caivioe ycTpoMCTBO, hto h npeACTaBneHHoe 

nopO>KflaK)LHMM y3flOM, HM OAMH M3 

y3noB-noTOMKOB JiK)6oro nopo>KAeHHoro y3iia 
nopo^aramero y3na He MO>KeT npeACTaBn$rrb to 
>Ke caivioe ycTpoMCTBO, hto h jihdGom M3 
nopo>KAeHHbix y3noB AaHHoro nopo>KAaHDLi4©ro 
y3na, m hm oamh M3 nopo>KAeHHbix y3noB nioooro 
nopo>KAawDLnero y3na He MoweT MMeTb to >Ke 
caivioe hto h jik)6om Apyrofi nopo>KAeHHbiPi 
y3en ynoM^HyToro nio6"oro nopoKftafoinero y3na. 

7. Cnoco6 cfjopMnpoBaHMfl AepeBa 
CBA3HOCTM Arifl ncnorib30BaHMfl npM 
onpeAeneHMH MapwpyTa coeAHHeHUfl Me>KAy 
6ecnpoBOAHbiM ycTpoMCTBOM m nio6biM M3 nucna 
Apyrux 6ecnpoBOAHbix ycTpoficTB, BKHFonaioLAUM 
cneAywLi^ne 3Tanbi: npneivi nepBbiM 
6ecnpOBOAHblM yCTpOMCTBOM HHcfiopMai^nn 06 
aApece n TononoruM ot Ka>KAoro M3 Apyrux 
6ecnpoBOAHbix ycTpoPicTB, npuneivi MHcjDopMaLjmq 
06 aApece n Tononornn BKrifonaeT co6ct Be h h bi m 
aApec ot KaxcAcro M3 Apyrux SecnpoBOAHbix 
ycTpowcTB n ToribKO cnncKH aApecoB nepBoro 
nop^AKa ot Kax<Aoro H3 Apyrux 6ecnpoBOAHbix 
yCTpOMCTB, \a ctDopMnpoBaHne b nepBOM 
6ecnpoBOAHOM ycTpoMCTBe n Konei_| cba3hoctm 
M3 cnncKOB aApecoB nepBoro nopHMKa, rAe n - 
nono>KMTeribHoe Menoe HMcno, npMHeM Ka>KAoe 
M3 Konei^ CBA3HOCTH qbopwupyeTCfl b 

COOTBeTCTBMH C npaBMflOM 3 HTO KOJIbl^O 
CB5q3HOCTM C SOJiee BblCOKMM HOMepOM He MO)KeT 

BKnfonaTb ycTpoMCTBa, npeACTaBfiflKJLAne y3nbi, 
KOTopbie y>Ke 6binM npeACTaBneHbi y3noM b 
Koribi4e cb^3hoctm c 6onee hm3kmm HOMepoM. 

8. Cnocoo" c£opMMpoBaHi/m AepeBa 
CBfi3HOCTM Ana ncnorib30BaHM^ npn 
onpeAeneHMM MapiupyTa coeAMHeHU^ Me>KAy 

OecnpOBOAHblM yCTpOMCTBOM M J1f06blM M3 nucna 

Apyrux 6ecnpoBOAHbix ycTpoiTicTB, BKmoHaKDiMMM 
cneAyK)Lnne 3Tanbi: npMeM nepBbiM 
6ecnpoBOAHbiM yCTpOMCTBOM MHc)3opMa4HM 06 
aApece m TononorMM ot Kax<Aoro M3 Apyrux 
6ecnpoBOAHbix ycTpoMCTB, npuneivi MHc|DopMaL4M$q 
06 aApece m Tononornn BKnfonaeT coocTBeHHbiM 
aApec ot Kax<Aoro M3 Apyrux 6"ecnpoBOAHbix 
ycTpoMCTB m ToribKO cnncKH aApecoB nepBoro 
nop?iAKa ot Kax<Aoro H3 Apyrux GecnpoBOAHbix 
ycTpowcTB, n qtiopMnpoBaHne b nepBOM 
6ecnpoBOAHOM ycTpowcTBe n Konem cb?13hoctm 
M3 cnncKOB aApecoB nepBoro nop^AKa, rAe n - 
nono>KMTejibHoe i^enoe hmctio, npuneivi Ka>KAoe 
M3 Korieu CBfi3HOCTH cjDopMnpyeTC^ c yneTOM 

KOJlbl4a CBf13HOCTH C TeKyL^MM HOMepOM, 

MMeioLAero nopoKAafomne ysnbi, m BKnfOHa^ b 
KOJibue cb?13HOCTM co cfieAy^LAUM 6onee 
BbicoKMM HOMepoM Te y3Jibi, npeACTaBJifiHDLHne 
Bee nopo>KAaeMbie y3nbi nopo>KAaK3Li^nx y3noB, 
KOTopbie yAOBneTBoparoT cneAyfomi/iM 
npaBunaM: hhk3kom m3 y3noB-noTOMKOB 
nopoKAafOLnero y3na He MO>KeT npeACTaBnsqTb to 
>Ke caivioe ycTpoPicTBO, hto h npeACTaBneHHoe 
nopo>KAaiOLAMM y3HOM, hm oamh M3 
y3noB-noTOMKOB nio6oro nopo>KAeHHoro y3na 
nopo>KAafOLuero y3na He MO>KeT npeACTaBn^Tb to 
>Ke caMoe ycTpoMCTBO, hto m jik)6om M3 
nopo>KAeHHbix y3noB A^HHoro nopo>KAaK)LL|ero 
y3na, m hm oamh M3 nopo>KAeHHbix y3noB riK)6oro 
nopo>KAaK)Lnero y3na He wio>KeT MMeTb to >Ke 



caivioe mm?!, hto m jihdoom ApyroM nopo>KAeHHbiM 
y3en ynoM^HyToro nK)6oro nopo>KAafOLL4ero y3na. 

9. BecnpoBOAHaa ceTb, \AMe\ou\an 
pacce?iHHyK3 TononorMK), coAepxamafi nepBoe 
BeAyu^ee ycTpoMCTBO, BTopoe BeAymee 

5 ycTpoMCTBO, nepBoe noAHMHeHHoe ycTpowcTBO n 
BTopoe noAHMHeHHoe ycTpoMCTBO, npMHeM 
nepBoe BeAymee ycTpoi?icTBO coAep>KMT 
cpeACTBO Ana nepeAaHM aApeca nepBoro 
BeAyLAero ycTpowcTBa k nepBOMy noAHMHeHHOMy 

1Q ycTpoMCTBy, cpeACTBO Ana nepeAaHM TaKTOBoro 
CMrHana nepBoro BeAyu4 ero ycTpoPicTBa k 
nepBOMy noAHMHeHHOMy ycTpoMCTBy m cpeACTBO 
Ans ocyLAecTBJieHMS cb^3m c nepBbiM 
noAHMHeHHbiM ycTpoMCTBOM nocpeACTBOM 
nepBoro BMpTyaribHoro KaHara co 

^5 CKaHKOo6"pa3HbiM M3MeHeHMeM nacTOTbi, nepBoe 
noAHMHeHHoe ycTpoMCTBO coAep>KMT cpeACTBO 
Ana npMeivia aApeca nepBoro BeAymero 
ycTpoMCTBa ot nepBoro BeAyiA^ro ycTpoMCTBa, 
cpeACTBO AHfi npMeivia TaKTOBoro CMrHana 
nepBoro BeAymero ycTpoMCTBa ot nepBoro 

20 BeAyiMero ycTpoMCTBa m cpeACTBO ah^ 
ocyLAecTBneHM^ cba3m c nepBbiM BeAy^MM 
ycTpoMCTBOM n ocpeACT bo m nepBoro 

BMpTyaribHoro KaHana co CKanKoo6pa3HbiM 
M3MeHeHMeM nacTOTbi, BTopoe BeAyu^ee 
ycTpoMCTBO coAep>KMT cpeACTBO Ana nepeAaHM 

25 aApeca BToporo BeAyiA^ro ycTpoMCTBa ko 
BTopoMy noAHMHeHHOMy ycTpoMCTBy, cpeACTBO 
Ana nepeAaHM TaKTOBoro CMrHana BToporo 
BeAyiMero ycTpoMCTBa ko BTopoMy 
noAHMHeHHOMy ycTpoMCTBy m cpeACTBO An* 

qq OCyLAeCTBJieHMfl CBfl3M CO BTOpbIM nOAHMHeHHblM 

ycTpoMCTBOM nocpeACTBOM BToporo 

BMpTyaribHoro KaHana co CKanKOo6pa3HbiM 
M3MeHeHMeM nacTOTbi, BTopoe noAHMHeHHoe 
ycTpoMCTBO coAep>KMT cpeACTBO Ann npMeMa 
aApeca BToporo BeAymero ycTpoMCTBa ot 

35 BToporo BeAyu4 ero ycTpoMCTBa, cpeACTBO Ana 
npMeMa TaKTOBoro CMrHana BToporo BeAymero 
ycTpoMCTBa ot BToporo BeAymero ycTpoMCTBa m 
cpeACTBO Ana ocy mecT bji e h m a cba3m co BTopbiM 
BeAyiMMM ycTpoMCTBOM nocpeACTBOM nepBoro 
BMpTyaribHoro KaHana co CKanKoo6pa3HbiM 

40 M3MeHeHMeM nacTOTbi, npM 3tom nepBaa 
nocneAOBaTenbHOCTb CKaHKOo6pa3Horo 
M3MeHeHMa nacTOTbi nepBoro BMpTyanbHoro 
KaHana co CKan Koo6pa3HbiM M3MeHeHMeM 
nacTOTbi jRBnaeTca qbyHKUMeM aApeca nepBoro 
BeAymero ycTpoMCTBa, m aApec nepBoro 

45 BeAymero ycTpoMCTBa aBnaeTca yHMKanbHbiM 

aAPeCOM, MAeHTMCjDMUMpyfOLAMM yCTpOMCTBO, 

c|Da3a nepBOM nocneAOBaTenbHOCTM 

CKaHKOo6pa3Horo MSMeHeHMfl nacTOTbi aBnaeTca 
qbyHKi^neM TaKTOBoro curHana nepBoro BeAyiA ero 

50 ycTpoMCTBa, BTopaa nocneAOBaTenbHOCTb 
CKaHKOo6pa3Horo M3MeHeHMn nacTOTbi BToporo 
BMpTyanbHoro KaHana co CKaHKOo6pa3HbiM 
M3MeHeHMeM nacTOTbi aBnaeTca C(DyHKI4MeM 
aApeca BToporo BeAyLAero ycTpoMCTBa, o>a3a 
btopom nocneAOBaTenbHOCTM CKanKoo6pa3Horo 

55- M3MeHeHMfi nacTOTbi aBnaeTca cpyHKi^MeM 

TaKTOBoro CMrHana BToporo BeAymero 
ycTpoMCTBa, TaKTOBbiM CMman nepBoro 
BeAymero ycTpoMCTBa He KOopAMHMpoBaH c 
TaKTOBbiM CMTHanoM BToporo BeAyLAero 
ycTpoMCTBa, nepBbiM BMpTyanbHbiM KaHan co 

60 CKaHK006pa3HblM M3MeHeHMeM HaCTOTbl 

Mcnonb3yeT tot >Ke caMbiM cneKTp nacTOT 
paAMOCBfl3M, hto m btopom BMpTyanbHbiM KaHan 

CO CKaHK006pa3HblM M3MeHeHMeM HaCTOTbl , 

npMHeM nepBbiM BMpTyanbHbiM KaHan co 

CKaHK006pa3HblM M3MeHeHMeM HaCTOTbl OTnuneH 

ot BToporo BMpTyanbHoro KaHana co 



-21- 



CKaHK006pa3HblM H3MeHSHMBM HaCTOTbl, HTO 

o6ecneHMBaeT ocy labct bji b h m b cba3h MB>Kfly 
nspBbiM BeflymuM ycTpoficTBOM n nepBbiM 
nofl^nHeHHbiM ycTpoCicTBOM no cymecTBy 6e3 
co3AaHMfi noiwex ocym,ecTBrieHHHD CBfl3M Me>KAy 

BTOpbIM BeAyLLiMM yCTpOMCTBOM H BTOpbIM 
nOAHMHeHHbIM yCTpOMCTBOM. 

1 0 . BecnpoBOAHaa ceTb no n . 9 , 
OTJIMHaHDLi^aflCfl TSM, HTO Ka>KAOS M3 ynoMAHyTbix 
nepBoro m BToporo BSAymux yCTpOMCTB 

flOnOJlHUTSJIbHO COABp>KHT CpBACTBO flJl^ 

nspBAann cooGlubhma 3anpoca, TpsayfOLABro 
aflpBca noAHUHSHHoro ycipoPicTBa ot nepBoro n 

BTOporO nOAHUHBHHblX yCTpOPlCTB, M K3>KAOe M3 

ynoM^HyTbix nepBoro n BToporo noAHHHeHHbix 
ycTpoPicTB AonojiHMTeribHO coAep>Ki/iT cpeACTBO 
Ann npneMa coo6LU,eHM?i 3anpoca h cpeACTBO 
Ann OTBSTa Ha coo6"m 1 eHHs 3anpoca Ana 
nspBAann aApsca noAHMHeHHoro ycTpoiicTBa k 
nepBOMy n BTopoiviy BeAyiAUM ycTpoMCTBSM. 

11. BecnpoBOAHafl ceTb no n. 10, 

OTJIMHaiOLL^aflC^ TeM, HTO Ka>KAOS M3 ynoM^HyTbix 

nepBoro m BToporo bbaylamx ycTpoPicTB 
AononHHTeribHO coAep>KHT cpeACTBO Ana 
npneMa HHqbopMau,i/m 06 aflpece h Tononornn ot 
6oriee neM OAHoro noAHMHeHHoro ycTpoMCTBa n 
cpBACTBO Ana cpopMMpoBaHUfl A^peBa 
KOHqburypai^nM mcxoa^ H3 MHCpopMai^MM 06 
aApece m Tononorww. 

12. EBcnpoBOAHaa CBTb no n. 11, 

OTJIMHaHDIHaflCfl TBM, HTO K3>KAOS M3 ynOMflHyTblX 

nspBoro m BToporo BeRym,\AX ycrpoticTB 
AonoriHUTeribHO coAep>KHT cpeACTBO Arm 
Mcnonb30BaHHfi AepeBa KOHqbnrypau I nn AJifl 
onpeAeneHUfi MapiupyTa Arm coeAHHeHi/m 

Me>KAy nepBbiM l/l BTOpbIM BeAyii^MMH 
yCTpOMCTBaMM H COOTBGTCTBGHHO nepBbiM H 
BTOpbIM nOAHMHeHHblMM yCTpotf CTBaMM . 

13. BBcnpoBOAHaa CBTb no n. 11, 

OTJIMHaHDLL^aflCfl TBM , HTO HHCjDOpMai^Hfl 06 

aAPBCB noAHMHBHHoro ycTpoMCTBa m TononorMH 
BicnfOHaeT coocTBeHHbiw aApec ot Ka>KAoro M3 
bonee neM OAHoro noAHMHGHHbix ycTpoticTB m 
TonbKO cnncKH aApecoB nepBoro nop^AKa ot 
Ka>KAoro H3 o"onee neM OAHoro noAHMHeHHbix 



10 



15 



20 



25 



30 



35 



40 



ycTpotiCTB, a cpbactbo Anfl qbopiwupoBaHUfl 
ABpsBa KOHcjDMrypai4MM mcxoah H3 MHcjDopiviai4MH 
06 aApece n Tononorwui coAep>KUiT cpeACTBO aha 
cjDopMnpoBaHM^i n KOJieLJ, CBA3HOCTH M3 CnUCKOB 
aApecoB nepBoro nop^A^a, rAe n 
nono>KMTenbHoe u,enoe mmcjio, npuneM cpeACTBO 
Ana cpopivinpoBaHMfl qbopMi/ipyeT Ka>KAoe M3 

KOfieU, CBS3HOCTM B COOTBeTCTBMM C npaBMJlOM, 
HTO KOJlbLJp CBA3HOCTH C 6OJI6S BblCOKMM 
HOMSpOM HS MO>KST BKJllOHaTb yCTpOMCTBa, 

npsACTaBJiiifomns y3Jibi, KOTopbis y>K6 6binn 

npSACTaBflBHbl y3J10M B KOJlbLje CB513HOCTM C 

6onee hm3kmm HOMepoM. 

14. BBcnpoBOAHa^ CBTb no n. 11, 
OTflMHaKJLHaflCfl TeM, hto HHqbopMaL^fl 06 
aApece n Tononornn b 6ecnpoBOAHOL?i ceTM 
BKnKDHaeT coGcTBeHHbiCi aApec ot Ka>KAoro H3 
Soriee hbm OAHoro noAHUHBHHbix ycrpowcTB m 
TonbKO cnncKM aApscoB nspBoro nop^AKa ot 
Ka>KAoro H3 Sojisb hbm OAHoro noAHUHBHHbix 
ycTpoticTB, a cpbactbo atia qbopMnpoBaHU^ 
ABpeBa KOHcjDnrypai_|nn mcxoa^ M3 HHctDopMai^nn 
06 aApece n Tononornn coAep>KMT cpeACTBO aha 

CjDOpMMpOBaHMfl n KOJiei^ CBfl3HOCTH M3 CnUCKOB 

aApecoB nepBoro nop^AKa, rAe n 
nono>KMTenbHoe i^enoe hmcjio, npuneM cpeACTBO 
Ann qbopMnpoBaHMfl cfjopMMpyeT Ka>KAoe M3 

KOfieL\ CBFI3HOCTM C yHSTOM KOflbl^a CB5R3HOCTM C 
TBKyLAMM HOMSpOM, MMBfOLL^SrO nopO>KAatOLL^M6 
y3flbl, M BKTlfOHafl KOflbl40 CBA3HOCTH CO 
CneAyHDLL^MM COneB BblCOKMM HOMBpOM, y3Jlbl 

KOToporo npBACTaBJiflHDLAMB bcb nopo>KAaBMbiB 
y3fibi nopo>KAatoLi^nx y3JioB, yAOBneTBopyiioT 
cneAytoLi^MM npaBunaM: HMKaKOM H3 
y3noB-noTOMKOB He MO>KeT npeACTa bji 5iTb to >Ke 
caMoe ycTpoMCTBO, hto m npeACTaBneHHoe 
nopo^afOLUMM y3noM 3 h\a oa^h H3 
y3noB-noTOMKOB rifo6oro nopo>KABHHoro y3na 
nopo>KAaK)LL4ero y3na He MO>KeT npeflCTaBrmTb to 

>K6 CaMOB yCTpOMCTBO, HTO M J1f060L1 H3 

nopo>KABHHbix y3J~iOB AaHHoro nopo>KAafOLi4Bro 
y3na, m hm oahh M3 nopo>KAeHHbix y3noB JiK)6oro 
nopo>KAaKDUJ 1 ero ysna He MO>KeT MMeTb to >Ke 
caMoe mm?!, hto h jihd6om aPVOM nopo>KAeHHbiLi 
y3en ynoMfiHyToro nto6oro nopo>KAajoLJ4ero y3na. 
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ABSTRACT 



A wireless network includes master and slave units. The 
master sends a master address and clock to the slaves. 
Communication is by means of a virtual frequency hopping 
channel whose hopping sequence is a function of the master 
address, and whose phase is a function of the master clock. 
Transmitted inquiry messages solicit slave address and 
topology information from the slaves, which may be used to 
generate a configuration tree for determining a route for a 
connection between the master and slave units. Slave 
address and topology information may include an own 
address from each of the slave units and only first order 
address lists from each of the slave units. Generating the 
configuration tree involves generating a hierarchy of con- 
nectivity rings from the first order address lists. Each con- 
nectivity ring may be generated in accordance with a rule 
that a higher-numbered connectivity ring cannot include 
nodes representing units that are already represented by a 
node in a lower-numbered connectivity ring. Alternatively, 
each connectivity ring may be generated by considering a 
present numbered connectivity ring having parent nodes, 
and including in a next higher-numbered connectivity ring 
those nodes representing all children of the parent nodes 
such that no descendant of a parent can represent the same 
unit as the parent; no descendant of a parent's child can 
represent the same unit as any of the parent's children; and 
no child of any parent can have the same name as any other 
child of said any parent. 

28 Claims, 9 Drawing Sheets 
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FREQUENCY HOPPING PICONETS IN AN 
UNCOORDINATED WIRELESS MULTI-USER 
SYSTEM 

5 

BACKGROUND 

The present invention relates to uncoordinated wireless 
multi-user systems, and more particularly to self-organized 
connectivity in an uncoordinated wireless multi-user system. 

Radio Local Area Networks (LAN) typically cover an 
area of technology where the computer industry and the 
wireless communications industry merge. Conventional 
computer networking has relied on wired LANs, typically 
packet -switched and targeted for data transfer. By contrast, 
wireless networking, and in particular cellular networking, 
has relied on wide area networks, typically circuit-switched 
and targeted for voice transfer. Most efforts in the design of 
radio LANs have reused the principles that are used in wired 
LANs. This, however, is a questionable procedure because 2Q 
the environments of the wired medium and of the wireless 
medium differ in important ways. Moreover, multimedia 
communications require additional features due to the spe- 
cial traffic characteristics posed by data, voice and video. 
Finally, the residential environment has its own require- 25 
ments which can be decisive for the design of the system. 

Almost one hundred percent of the computer networks 
today use a wired infrastructure. The wired medium can 
range from a simple twisted pair to an optical fiber. Due to 
its shielded and controllable environment, the wired medium 30 
is characterized by low interference levels and stable propa- 
gation conditions. Consequently, the wired medium has 
potential for high to very high data rates. Because of the 
latter, all participants in wired LANs typically share this 
single medium. The medium constitutes a single channel 35 
which is used by only a single one of a number of different 
users at any given time. Time-division multiplexing (TDM) 
is used to allow different users to access the channel at 
different times. 

The protocols for accessing wired media have been stan- 40 
dardized by the IEEE in its 802 series. Typically, multiple 
access reservation techniques like carrier-sensing (e.g., 
Ethernet, 802.3 Carrier-Sense Multiple Access/Collision 
Detect (CSMA/CD) or tokens (e.g., 802.4 token buses, or 
802.5 token rings) are used to gain access to the medium. 45 
These protocols can be used in a distributed sense in that the 
user occupying the channel reserves the medium by its 
present transmission or by its token. In these schemes, every 
user can hear all traffic. That is, in a single LAN, all of the 
users share not only the channel, but all of the information 50 
carried on that channel as well. When the number of 
participants grows, the LAN can be divided into smaller 
LANs or segments, which channels operate independently. 
LANs can be interconnected via bridges or routers which 
form interfaces between the different local networks. These 55 
configurations result in more complex networks. For 
example, reference is made to D. Bertsekas and R. Callage r, 
Data Networks, 2nd Edition, Prentice -Hall, London, 1992. 
For the discussion of the residential LANs, it suffices to 
consider the single LAN. The LAN typically provides a 60 
connectionless packet-switched service. Each packet has a 
destination address (and usually a source address as well) so 
that each user can determine whether the packet that passes 
by is intended for him or not. 

It will be understood that the net throughput per user in a 65 
single LAN is determined by the peak data rate on the 
channel and by the number of users that share this channel. 
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Even if the peak data rate is very high due to the wide 
band-width of the wireline medium, the effective user 
throughput can be low if the channel has to be shared among 
many users. 

Since the type of communication that takes place over 
current wired LANs is asynchronous and connectionless, it 
is ill-suited for supporting delay-critical services like voice. 
Voice services demand synchronous or isochronous 
connections, which require priority techniques in the 
Medium Access Control (MAC) protocols in order to give 
voice users precedence over non-voice users. Different stud- 
ies in existing data networks have shown that this is not a 
trivial task. 

During the last several years, standards bodies in the 
United States and in Europe have worked on wireless LANs 
(WLANs). In the United States, this has resulted in the IEEE 
802.11 standard (Draft standard IEEE 802.11, P802.il/Dl, 
December 1994), whereas in Europe this has resulted in the 
ETSI HIPERLAN standard (ETSI, RES10/96/etr, "Radio 
Equipment and Systems (RES); High Performance Radio 
Local Area Networks (HIPERLANs), July 1996). 

Looking first at the IEEE 802.11 standard, as the name 
indicates, it is an extension of the 802 LAN standard. The 
wireless connection is either a radio link or an infrared link. 
The radio medium is the Industrial, Scientific, Medical 
(ISM) band at 2.4 GHz. However, for a single radioLAN, 
only a 1—2 Mb/s channel is available at any given time. This 
relatively narrow channel has to be shared among all par- 
ticipants of the radio network. Both a configuration based on 
a wired infrastructure and a configuration based on an 
ad-hoc structure have been defined. With a wired 
infrastructure, the radio system merely provides a wireless 
extension between the wired LAN and the user terminal. 
Fixed access points interface between the wireline domain 
and wireless domain. In an ad hoc network, wireless units 
create their own wireless network. No wired backbone is 
involved at all. It is the ad hoc nature provided with wireless 
communications that gives the WLANs an important advan- 
tage over wired LANs in certain applications. 

To avoid interference with other networks or other appli- 
cations in the 2.4 GHz ISM band, either direct-sequence 
spreading or slow frequency hopping is used. Access to the 
channel is accomplished by a special form of Carrier-Sense 
Multiple Access/Collision Avoidance (CSMA/CA) that pro- 
vides a connectionless service. In an architecture based on a 
wired infrastructure, the fixed part takes the role of a central 
controller which schedules all traffic. In an ad hoc 
architecture, the distributed CSMA/CA protocol provides 
the multiple access to the channel. 

All in all, the IEEE 802.11 standard is very similar to that 
of the wired Ethernet, but wherein the wire has been 
replaced by a 1 Mb/s radio channel. It will be understood 
that the effective user throughput decreases quickly when 
the number of participants increases. In addition, since the 
spreading factor for Direct Sequence Spread Spectrum 
(DSSS) is only 11 and the hop rate for Frequency Hopping 
Spread Spectrum (FHSS) is only on the order of 10 to 20 
hops/s, little immunity is provided against interference in the 
ISM band. Although different networks can theoretically 
coexist in the same area (different networks either use 
different DSSS carrier frequencies of which seven are 
defined, or use different FHSS hop sequences), thereby 
increasing the aggregate throughput. In fact, in A. 
Kamerman, "Spread-Spectrum Techniques Drive WLAN 
Performance," Microwaves & RF, September 1996, pp. 
109—114, it was claimed that the aggregate throughput, 
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defined as the average throughput per user times the number 
of co-located users (not necessarily participating in the same 
network), can never exceed 4—6 Mb/s with either technol- 
ogy. For co-locating different networks under the IEEE 
802.11 standard it is preferred that the networks be based on 5 
a wired infrastructure: a limited number of co-located fixed 
access points can create their own network. A certain amount 
of coordination via the wired network is then possible. 
However, for networks based on an ad hoc structure, this is 
much more difficult under IEEE 802.11 because the MAC 
protocol does not lend itself to this creation. Instead, units 
that come in range of an ad hoc network will join an existing 
network and not create their own network. 

HIPERLAN has followed a similar path as IEEE 802.11. 
The system operates in the 5.2 GHz band (not available in 
the United States). The standard is still under development 15 
and consists of a family of sub-standards, HIPERLAN 1 to 
4. The most basic part, HIPERLAN 1 (ETSI, ETS 300652, 
"Radio Equipment and Systems (RES); High Performance 
Radio Local Area Networks (HIPERLAN) Type 1; Func- 
tional Specification," June 1996), is similar to the IEEE 20 
802.11. Again, a single channel is used, but with a higher 
peak data rate of 23.5 Mb/s. A dedicated CSMA/C A scheme 
is used, called Elimination- Yield Non-Preemptive Priority 
Multiple Access (EY-NPMA) which provides a number of 
contention-based phases before the channel is reserved. 25 
Although the 5.2 GHz band is unlicensed in Europe, only 
HIPERLAN-type applications are allowed. Therefore, no 
special measures against unknown jammers are imple- 
mented. Different networks can coexist in the same area 
provided different 23 MHz wide channels are used. Out of 30 
the 5.2 GHz, five such channels have been defined. 

One other interesting activity in the HIPERLAN area is 
the HIPERLAN 2 standardization which concentrates on 
wireless Asynchronous Transfer Mode (ATM). Presumably, 
this wireless network will also use the 5.2 GHz band, will 35 
support peak data rates around 40 Mb/s, and will use a 
centralized access scheme with some kind of demand 
assignment MAC scheme. 

What the existing WLAN systems have in common with 
the wired LANs is that a single channel is shared among all 40 
the participants of the local network. All users share both the 
medium itself and all information carried over this medium. 
In the wired LAN, this channel can encompass the entire 
medium. However, this is not so in the radioLANs. In the 
radioLANs, the radio medium typically has a bandwidth of 45 
80 to 100 MHz. Due to implementation limitations and cost 
of the radio transceivers, and due to restrictions placed by 
regulatory bodies like the FCC and ETSI, it is virtually 
impossible to define a radio channel in the radioLAN with 
the same bandwidth as the radio medium. Therefore, only 50 
part of the radio medium is used in a single LAN. As a result, 
the peak data rate over the channel decreases. But more 
importantly, the effective user throughput decreases because 
all participants share this channel, which is now much 
smaller than the medium. Although the medium is divided 55 
into different channels, each of which can be used to set up 
a different radioLAN, in practice, only a single network 
covers a certain area, especially when it concerns ad hoc 
networks. In radioLANs based on a wired infrastructure, the 
different channels can be used to create cells, each cell with 60 
its own network that is not disturbed by neighboring cells. 
This result is achieved at the expense of effort in planning 
the allocation of channels. In this way, a cellular structure is 
created that is similar to those encountered in cellular mobile 
systems. The use of different ad hoc radio networks in the 65 
same cell, however, is prohibited, thereby limiting the 
attainable aggregate throughput per unit area. 
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Considering now the transmission of voice by means of 
data links, this is still a problem in conventional systems 
because the wireless LAN standards reuse the multiple 
access schemes as encountered in the wired counterparts. As 
indicated in M. A. Visser, et al., "Voice and Data Transmis- 
sion over 802.11 Wireless Network," Proc. of PIMRC '95, 
Toronto, September 1995, pp. 648—652, the use of these 
MAC protocols for the transmission of voice is not very 
appropriate either. 

There is therefore a need for a cost-effective wireless 
replacement of a local network that can support both voice 
and data and is self-organized for an efficient use of the 
limited radio spectrum. 

SUMMARY 

It is therefore an object of the present invention to provide 
methods and apparatus for connecting devices wirelessly, 
making optimal usage of the allocated spectrum. 

It is a further object to provide a connectivity structure in 
which units can set up point-to-point connections 
independently, without being hindered by point-to-point 
connections between other units sharing the same area and 
the same spectrum. 

In accordance with one aspect of the present invention, 
the foregoing and other objects are achieved in a wireless 
network comprising: a master unit; and a slave unit. The 
master unit comprises: means for sending a master address 
to the slave unit; means for sending a master clock to the 
slave unit; and means for communicating with the slave unit 
by means of a virtual frequency hopping channel. The slave 
unit comprises: means for receiving the master address from 
the master unit; means for receiving the master clock from 
the master unit; and means for communicating with the 
master unit by means of the virtual frequency hopping 
channel. Furthermore, in this embodiment of the wireless 
network, a hopping sequence of the virtual frequency hop- 
ping channel is a function of the master address; and a phase 
of the hopping sequence is a function of the master clock. 

In another aspect of the invention, the master unit in the 
wireless network further comprises means for transmitting 
an inquiry message that solicits a slave address from the 
slave unit; and the slave unit further comprises: means for 
receiving the inquiry message; and means, responsive to the 
inquiry message, for transmitting the slave address to the 
master unit. 

In another aspect of the invention, the master unit in the 
wireless network further comprises: means for receiving 
slave address and topology information from more than one 
slave unit; and means for generating a configuration tree 
from the address and topology information. 

In yet another aspect of the invention, the master unit in 
the wireless network further includes means for utilizing the 
configuration tree to determine a route for a connection 
between the master unit and the slave unit. 

In still another aspect of the invention, the slave address 
and topology information comprises an own address from 
each of the more than one slave units and only first order 
address lists from each of the more than one slave units; and 
the means for generating the configuration tree from the 
address and topology information comprises: means for 
generating n connectivity rings from the first order address 
lists, wherein n is a positive integer, and wherein the 
generating means generates each of the connectivity rings in 
accordance with a rule that a higher-numbered connectivity 
ring cannot include nodes representing units that are already 
represented by a node in a lower-numbered connectivity 
ring. 
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In an alternative embodiment, the means for generating 
the configuration tree from the address and topology infor- 
mation comprises: means for generating n connectivity rings 
from the first order address lists, wherein n is a positive 
integer, and wherein the generating means generates each of 5 
the connectivity rings by considering a present numbered 
connectivity ring having parent nodes, and including in a 
next higher-numbered connectivity ring those nodes repre- 
senting all children of the parent nodes that satisfy the 
following rules: no descendant of a parent can represent the 10 
same unit as is represented by the parent; no descendant of 
a child of the parent can represent the same unit as any of the 
children of the parent; and no child of any parent can have 
the same name as any other child of said any parent. 

In yet another aspect of the invention, a wireless unit, for 15 
use in a wireless network having a scatter topology, com- 
prises means for receiving address and topology information 
from each of a number of other wireless units; and means for 
generating a configuration tree from the address and topol- 
ogy information. 20 

In still another aspect of the invention, the wireless unit 
further comprises means for utilizing the configuration tree 
to determine a route for a connection between the wireless 
unit and at least one of the other wireless units. 

25 

In yet another aspect of the inventive wireless unit, the 
address and topology information comprises an own address 
from each of the other units and only first order address lists 
from each of the other units; and the means for generating 
the configuration tree from the address and topology infor- 3Q 
mation comprises: means for generating n connectivity rings 
from the first order address lists, wherein n is a positive 
integer, and wherein the generating means generates each of 
the connectivity rings in accordance with a rule that a 
higher-numbered connectivity ring cannot include nodes 35 
representing units that are already represented by a node in 
a lower-numbered connectivity ring. 

In still another aspect of the inventive wireless unit, the 
address and topology information comprises an own address 
from each of the other units and only first order address lists 40 
from each of the other units; and the means for generating 
the configuration tree from the address and topology infor- 
mation comprises: means for generating n connectivity rings 
from the first order address lists, wherein n is a positive 
integer, and wherein the generating means generates each of 45 
the connectivity rings by considering a present numbered 
connectivity ring having parent nodes, and including in a 
next higher-numbered connectivity ring those nodes repre- 
senting all children of the parent nodes that satisfy the 
following rules: no descendant of a parent can represent the 50 
same unit as is represented by the parent; no descendant of 
a child of the parent can represent the same unit as any of the 
children of the parent; and no child of any parent can have 
the same name as any other child of said any parent. 

In another aspect of the invention, a method for generat- 55 
ing a connectivity tree for use in determining a connection 
route between a first wireless unit and any of a number of 
other wireless units comprises the steps of: in the first 
wireless unit, receiving address and topology information 
from each of the other wireless units, wherein the address 60 
and topology information comprises an own address from 
each of the other wireless units and only first order address 
lists from each of the other wireless units; and in the first 
wireless unit, generating n connectivity rings from the first 
order address lists, wherein n is a positive integer, and 65 
wherein each of the connectivity rings is generated in 
accordance with a rule that a higher-numbered connectivity 



,928 Bl 

6 

ring cannot include nodes representing units that are already 
represented by a node in a lower-numbered connectivity 
ring. 

Another aspect of the invention relates to a method for 
generating a connectivity tree for use in determining a 
connection route between a first wireless unit and any of a 
number of other wireless units. The method comprises the 
steps of: in the first wireless unit, receiving address and 
topology information from each of the other wireless units, 
wherein the address and topology information comprises an 
own address from each of the other wireless units and only 
first order address lists from each of the other wireless units; 
and in the first wireless unit, generating n connectivity rings 
from the first order address lists, wherein n is a positive 
integer, and wherein each of the connectivity rings is gen- 
erated by considering a present numbered connectivity ring 
having parent nodes, and including in a next higher- 
numbered connectivity ring those nodes representing all 
children of the parent nodes that satisfy the following rules: 
no descendant of a parent can represent the same unit as is 
represented by the parent; no descendant of a child of the 
parent can represent the same unit as any of the children of 
the parent; and no child of any parent can have the same 
name as any other child of said any parent. 

In another aspect of the invention, a wireless network 
having a scatter topology comprises: a first master unit; a 
second master unit; a first slave unit; and a second slave unit. 
The first master unit comprises: means for sending a first 
master address to the first slave unit; means for sending a 
first master clock to the first slave unit; and means for 
communicating with the first slave unit by means of a first 
virtual frequency hopping channel. The first slave unit 
comprises: means for receiving the first master address from 
the first master unit; means for receiving the first master 
clock from the first master unit; and means for communi- 
cating with the first master unit by means of the first virtual 
frequency hopping channel. The second master unit com- 
prises: means for sending a second master address to the 
second slave unit; means for sending a second master clock 
to the second slave unit; and means for communicating with 
the second slave unit by means of a second virtual frequency 
hopping channel. The second slave unit comprises: means 
for receiving the second master address from the second 
master unit; means for receiving the second master clock 
from the second master unit; and means for communicating 
with the second master unit by means of the first virtual 
frequency hopping channel. Furthermore, in the wireless 
network a first hopping sequence of the first virtual fre- 
quency hopping channel is a function of the first master 
address; a phase of the first hopping sequence is a function 
of the first master clock; a second hopping sequence of the 
second virtual frequency hopping channel is a function of 
the second master address; a phase of the second sequence 
is a function of the second master clock; the first master 
clock is uncoordinated with the second master clock; and the 
first virtual frequency hopping channel uses the same radio 
spectrum as the second virtual frequency hopping channel. 
With this arrangement, the first virtual frequency hopping 
channel is different from the second virtual frequency hop- 
ping channel, thereby permitting communication between 
the first master unit and the first slave unit to take place 
without substantially interfering with communication 
between the second master unit and the second slave unit. 

In still another aspect of the invention, each of the first and 
second master units in the wireless network further com- 
prises means for transmitting an inquiry message that solic- 
its a slave address from the first and second slave units. 
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Furthermore, each of the first and second slave units in the 
wireless network further comprises: means for receiving the 
inquiry message; and means, responsive to the inquiry 
message, for transmitting the slave address to the first and 
second master units. 5 

In yet another aspect of the invention, each of the first and 
second master units in the wireless network further com- 
prises: means for receiving slave address and topology 
information from more than one slave unit; and means for 
generating a configuration tree from the address and topol- 10 
ogy information. 

In still another aspect of the invention, each of the first and 
second master units in the wireless network further includes 
means for utilizing the configuration tree to determine a 
route for a connection between the first and second master 15 
unit and the respective first and second slave units. 

In yet another aspect of the wireless network, the slave 
address and topology information comprises an own address 
from each of the more than one slave units and only first 
order address lists from each of the more than one slave 20 
units; and the means for generating the configuration tree 
from the address and topology information comprises: 
means for generating n connectivity rings from the first 
order address lists, wherein n is a positive integer, and 
wherein the generating means generates each of the con- 25 
nectivity rings in accordance with a rule that a higher- 
numbered connectivity ring cannot include nodes represent- 
ing units that are already represented by a node in a 
lower-numbered connectivity ring. 

In still another aspect of the invention, the slave address 
and topology information in the wireless network comprises 
an own address from each of the more than one slave units 
and only first order address lists from each of the more than 
one slave units. Furthermore, the means for generating the 35 
configuration tree from the address and topology informa- 
tion comprises: means for generating n connectivity rings 
from the first order address lists, wherein n is a positive 
integer, and wherein the generating means generates each of 
the connectivity rings by considering a present numbered 4Q 
connectivity ring having parent nodes, and including in a 
next higher-numbered connectivity ring those nodes repre- 
senting all children of the parent nodes that satisfy the 
following rules: no descendant of a parent can represent the 
same unit as is represented by the parent; no descendant of ^ 
a child of the parent can represent the same unit as any of the 
children of the parent; and no child of any parent can have 
the same name as any other child of said any parent. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The objects and advantages of the invention will be 50 
understood by reading the following detailed description in 
conjunction with the drawings in which: 

FIG. 1 is a block diagram of a network having a star 
topology; 55 

FIG. 2 is a block diagram of a network having a ring 
topology; 

FIG. 3 is a block diagram of a network having a mesh 
topology; 

FIG. 4 illustrates a wireless LAN having a scatter 6Q 
topology, in accordance with one aspect of the invention; 

FIG. 5a depicts a prior art LAN that utilizes a single 
channel that is identical to the medium; 

FIG. 5b depicts a prior art LAN in which the medium is 
divided into several subchannels; 65 

FIG. 5c illustrates a LAN that utilizes a multi-channel 
approach in accordance with one aspect of the invention; 
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FIG. 6a depicts a piconet in accordance with one aspect 
of the invention in which two wireless units that are not 
within range of one another communicate by means of an 
intermediate wireless unit that is within range of each of the 
other wireless units, and which acts as a master of the 
piconet; 

FIG. 6b depicts an alternative embodiment of the inven- 
tion in which two wireless units that are not within range of 
one another communicate by means of an intermediate 
wireless unit that is within range of each of the other 
wireless units, and which acts as a bridge between two 
piconets; 

FIG. 7 depicts an exemplary configuration for illustrating 
the inquiry procedure in accordance with one aspect of the 
invention; 

FIG. 8 depicts an extended inquiry process in accordance 
with another aspect of the invention; 

FIG. 9 depicts an exemplary first type of connectivity tree, 
in accordance with an aspect of the invention; 

FIG. 10 depicts an exemplary second type of connectivity 
tree, in accordance with another aspect of the invention; 

FIG. 11 illustrates the utilization of a connectivity tree to 
determine possible routes for making a connection, in accor- 
dance with one aspect of the invention; and 

FIG. 12 is a block diagram of an exemplary system for 
carrying out the various inventive features. 

DETAILED DESCRIPTION 

The various features of the invention will now be 
described with respect to the figures, in which like parts are 
identified with the same reference characters. 

As mentioned in the BACKGROUND section, the con- 
ventional single-channel approach to LANS is characterized 
by the fact that all units can receive all information trans- 
ferred over the channel. Consequently, the network topology 
is either a star, as illustrated in FIG. 1; a ring, as illustrated 
in FIG. 2; or a mesh, as illustrated in FIG. 3. In the star 
topology, a master controller that schedules all communi- 
cations can be placed in the center. In the ring and mesh 
topologies, a more distributed control is applied. For wired 
LANs, the star and the ring topologies are most appropriate, 
because they minimize the amount of cabling. However, the 
mesh topology (i.e., a topology in which one unit can 
connect directly to many other units) is automatically 
obtained in radio LANs due to the omni-directional radio 
propagation. In the conventional topologies illustrated in 
FIGS. 1, 2 and 3, all units connect to each of the other units 
in the network. Each unit constantly listens to the master or 
listens to traffic on the channel. This is beneficial in appli- 
cations like broadcasting or multicasting. However, these 
applications are only used a small percentage of the time. 
Instead, most applications call for point-to-point or point- 
to -multipoint services between two or a limited number of 
units connected to the network. For these applications, the 
single-channel approach limits the performance. 

Therefore, in accordance with one aspect of the invention, 
a multi-channel approach is applied in which units that want 
to communicate don't have to wait for a free spot on the 
channel, but instead look for a free channel which they can 
use directly. In this approach, all users share all of the 
channels in the allocated spectrum on average, but only a 
few users use a particular channel at a particular moment in 
time. In this way, simultaneous communication links can be 
established without interfering with each other. The multi- 
channel approach also enables channel reuse: if the connec- 
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tions are sufficiently separated geographically, they can use 
the same channel without disturbing one another. 

In a network like this, only units that communicate with 
each other are connected. The "overall" network consists of 
scattered connections or scattered subnets (piconets) and is 5 
therefore referred to herein as having a scatter topology. This 
arrangement differs from the existing wired LANs and 
wireless LANs in that although the medium (e.g., the 83.5 
MHz radio spectrum at 2.4 GHz) is shared among all users, 
the information transferred over the medium is not shared 10 
among all users. Instead, multiple, channels are created, and 
each channel is only shared by the participants of interest, 
namely, only those participants that need to share the infor- 
mation. Although each unit can potentially connect to each 
other unit in range, it will not instantaneously connect to all 15 
units in range simultaneously. Multiple ad-hoc connections 
can be established, which each operate independently. 

An example of a scatter network 401 in accordance with 
the invention is illustrated in FIG. 4. In this figure, four 
subnets 403-1, . . . , 403-4 have been formed. In each subnet 20 
403-x, only those units participate that indeed want to 
exchange information. Each subnet 403-x has its own virtual 
channel, and only the participants of the piconet contend for 
the corresponding channel. The subnets 403-x function 
independently with respect to one another. Units for which 25 
there is no need for information exchange (such as unit 8 in 
FIG. 4) are not connected. However, these units periodically 
scan the spectrum for page messages to see whether another 
unit wants to connect to them. 

30 

To avoid interference between different connections and 
subnets 403-x, either a form of adaptive channel allocation 
or a form of spreading is applied. When adaptive channel 
allocation is applied, the units that want to connect perform 
measurements on the different channels and then select the 35 
best channel (i.e., the least-interfered-with channel). The 
adaptive scheme, however, has some disadvantages com- 
pared to the spreading techniques described next. First, it 
may be difficult to obtain reliable measurements on a chan- 
nel due to the bursty nature of the data traffic. Second, a 4Q 
mechanism must be included such that the units that want to 
communicate indeed select the same (least interfered with) 
best channel, which is not a trivial task. A central controller 
is unavoidable. Instead spreading, as is also required by the 
Federal Communication Commission (FCC) in the unli- 45 
censed band like the ISM 2.4 GHz, is a much more attractive 
method. 

For the case in which spreading is utilized, direct- 
sequence spreading or frequency-hop (FH) spreading can be 
applied to spread the interference. A suitable air interface 50 
applying slow FH is described in U.S. patent application Ser. 
No. 08/685,069 (Attorney Docket No. 27951/00059 
EUS00390-RCUR), entitled "Short-Range Radio Commu- 
nications System and Method of Use", which was filed on 
Jul. 23, 1996 in the name of Paul W. DENT and Jacobus C. 55 
HAARTSEN, which is commonly assigned to the same 
assignee as that of the present application, and which is 
hereby incorporated herein by reference. In the just- 
referenced application, an air interface is described that 
obtains immunity against co-user interference and other 60 
jammers by applying frequency hopping and a fast packet- 
retransmission scheme. 

Frequency hopping is preferred over direct -sequence 
spreading for a number of reasons. First, it is desired to be 
able to make multiple, co-located but uncoordinated ad-hoc 65 
connections. In this environment, direct-sequence spreading 
would pose near-far problems. A power control mechanism 



,928 Bl 

10 

cannot be implemented because of the uncoordinated nature 
of the transmitters. The existence of unknown jammers 
would also mandate the need for a rather high processing 
gain and high transmission (TX) power. The high spreading 
rate that the high processing gain would involve, would 
result in a costly transceiver design. As to high TX power, 
this is less attractive in battery -driven user equipment. 
Finally, the best interference immunity is obtained by using 
the entire spectrum available, that is 83.5 MHz at 2.4 GHz. 
Direct-sequence spreading can only use part of the spectrum 
due to bandwidth limitations in the transceiver. Instead, 
frequency hopping systems can hop over the entire spectrum 
on average, but still have a reasonable channel bandwidth 
instantaneously. Analogous to the IEEE 802.11 standard, the 
present invention defines 79 hops of 1 MHz width. A virtual 
channel is defined as a pseudo -random hop sequence which 
hops on average over all 79 hops. Different connections can 
be established simultaneously by applying different virtual 
channels. Occasionally, different virtual channels will use 
the same hop, in which case they collide. Error recovery and 
redundancy are then used to overcome the disturbance. 

The sharing of the medium in accordance with the present 
invention compared with other systems is further explained 
in FIGS. 5a, 5b and 5c. FIG. 5a shows a prior art single 
channel approach in which there is only one channel 503, 
and this channel 503 is identical to the medium 501, as is 
typically encountered in wired LANS. All users contend for 
the same channel 503, and TDM is utilized to give each user 
a portion of the transmission capacity. Access to the channel 
503 is controlled either centrally or in a distributed manner. 
In FIG. 5b, a prior art system is shown in which the medium 
501 is divided into several subchannels 505-x, for example 
by applying Frequency Division Multiplexing (FDM). The 
users in range establish a network using one of those 
subchannels 505-x. This subchannel 505-x is either fixed 
(like in HIPERLAN) or hops slowly through the entire 
medium (like in IEEE 802.11 FHSS). That is, at different 
points in time, a different subchannel 505-x is selected. 
However, at any point in time, all users contend to gain 
access to the same subchannel. For example, in the illustra- 
tion of FIG. 5b, a moment in time is shown in which each 
of the users 1 through 9 contends to gain access to subchan- 
nel 505-3. 

In FIG. 5c, the multi-channel approach of the invention is 
shown. Again, the medium 501 has been divided into 
subchannels. However, a group of connected users 507-x is 
multiplexed (i.e. is frequency hopping) through all subchan- 
nels 509-x at a relatively high rate. Packets are multiplexed 
at the hop rate among the different subchannels 509-x. The 
hopping pattern represents a virtual channel. In FIG. 5c, 
three user groups 507-x are presumed: a first group 507-1 
comprising users identified as users 2, 3 and 4; a second 
group 507-2 comprising users identified as users 5 and 8; 
and a third group 507-3 comprising users identified as users 
6, 7 and 9. In accordance with the invention, each of these 
groups 507-x constitutes a piconet. In this example, an 
additional user, user 1, is not in any of the user groups 507-x, 
and is therefore not connected in any of the three piconets. 

It will be understood that the multi-channel approach in 
FIG. 5c gives a much higher overall throughput than the 
single-channel approach in FIG. 5b when the medium has to 
be divided into a plurality of smaller subchannels due to 
radio transceiver limitations or regulations. In the present 
invention, each piconet corresponds to a virtual channel 
using a particular sequence to multiplex (hop) through the 
subchannels, and using a particular link address to identify 
its packets. The different piconets reuse all the subchannels 
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in a random way; each subchannel is used on average by all 
piconets. The sharing of the subchannels results in a statis- 
tical multiplexing between the piconets which increases the 
efficiency under bursty traffic conditions such as those 
encountered in data applications. Due to the fast hop rate 5 
(one packet per hop), the statistical multiplexing is much 
more efficient than, for example, can be obtained in 
co-located WLANs based on a FHSS 802.11 where the 
dwell time on a single channel is much longer. 

The type of service obtained with a multi-channel 10 
approach lies somewhere between a pure circuit -switched 
service and a pure packet -switched service. Virtual channels 
are defined similar to channels in connection-oriented 
packet -switched networks. However, each virtual channel is 
uniquely coupled to two or more users and operates in a 15 
synchronous manner similar to channels in circuit -switched 
networks. Furthermore, unlike the (sub)channels or circuits 
in circuit-switched networks which are used exclusively by 
the connected users, the circuits in the piconets are shared on 
average among all the users. For bursty data applications this 2 o 
provides higher throughput and better usage of the medium 
due to the statistical packet multiplexing which is not 
encountered in conventional circuit-switched networks. 

The discussion will now focus on exemplary techniques 
for enabling units to establish the ad hoc piconet connections 25 
described above. The system described here has been opti- 
mized to quickly establish and end ad-hoc connections 
between arbitrary wireless units scattered in a restricted area. 
Both point-to-point and point-to-multipoint connections can 
be set up. All units are peer units, each utilizing identical 30 
radio transceiver equipment. In accordance with one aspect 
of the invention, one unit is temporarily assigned the role of 
master whenever a connection is started. This assignment 
lasts only for the duration of the connection. Unless 
redefined, the master unit is the unit that initiates the 35 
connection. Each unit has a unique address, or access code, 
by which it is identified. In an exemplary embodiment, the 
address is 64-bits long, but of course, this need not be the 
case in every embodiment. The address determines the 
pseudo-random hop sequence or virtual channel that the unit 40 
uses when it is a master. The master, therefore, has to 
distribute its address among the slaves so that all use the 
same virtual hopping channel. During a connection, a very 
long hop sequence is used in which each hop in the 79 
possible hops is visited with equal probability. The phase in 45 
the hop sequence is determined by the system clock in the 
master transceiver unit. 

A unit in standby mode wakes up at regular time intervals, 
say every T seconds (such as every 1.28 s), to listen for a 
page message which consists of its address. This page 50 
message can be considered like a 64-chip direct-sequence 
code: the receiver correlates against this code and only then 
activates the rest of the transceiver if the correlation result 
exceeds a certain threshold. Each new wake -up instant, the 
unit wakes up at a new hop according to a 32-hop wake-up 55 
sequence. The 32 wake -up hops are all unique and evenly 
spread over the 2.4 GHz ISM band. Both the wake-up hops 
and the pseudo -random wake -up hop sequence are deter- 
mined by the standby unites address. The phase in the 
sequence is determined by the system clock of standby unit. 60 
The unit trying to connect (the "paging unit") retransmits the 
page message (which is the spreading code representing the 
recipient's address) with a high repetition rate in different 
hops. It uses the wake-up hops and the wake -up hop 
sequence of the recipient, and tries to reach the recipient by 65 
sending the page message at as many different hops in the 
wake-up hop sequence as possible. By having an estimate of 
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the recipient system clock, the paging unit can expedite the 
acquisition because it knows when and in which hop the 
recipient will wake up. With knowledge about the recipient's 
clock, the worst-case acquisition delay is T (due to the fact 
that a standby unit only wakes up once every T seconds). 
Without knowledge of the standby unit's clock, the worst- 
case acquisition delay amounts to 2T. These delays are 
obtained in an error-free environment. If errors occur, the 
acquisition time may increase. The above -described tech- 
niques for accessing a unit that is in standby mode are more 
fully described in U.S. patent application Ser. No. 08/771, 
692, entitled "Access Technique of Channel Hopping Com- 
munications System" and filed on Dec. 23, 1996 in the name 
of Haartsen et al. The U.S. patent application Ser. No. 
08/771,692 is hereby incorporated herein by reference. 

Once a connection has been established, the paging unit, 
which is designated as the master unit, conveys its address 
and its system clock to the recipient. The master code and 
clock will then be used to define the virtual FH channel. This 
master code is also used to identify the packets on the virtual 
channel. That is, each packet on the virtual channel, irre- 
spective of which user of the virtual channel is the sender, 
is preceded by the master address, which acts as a link 
address. When different units in the same area establish 
different connections, they each use a different virtual chan- 
nel and different link address as defined by the parameters of 
the units that initiated the connections (i.e, the master units). 

In order to allow more than two users to participate in a 
piconet, limited point-to-multipoint capabilities are defined 
in an exemplary embodiment which permit a unit assigned 
as master to connect to a plurality of slaves. A star topology 
results with the master in the center. Slaves cannot commu- 
nicate directly with each other, but need to use the master as 
an intermediary. A polling scheme is utilized that schedules 
the transmissions of the different slaves. All slaves are time 
synchronized, that is, they all listen to the master at the same 
time, only the slave that is addressed (read polled) in the 
slave receive (RX) slot is allowed to respond in the suc- 
ceeding slave TX slot. All units, master and slaves, recog- 
nize the packets on the virtual channel by the link code 
(which is the master address). A particular slave in the 
piconet is identified by a member address. In an exemplary 
embodiment, the member address is a 3-bit address in the 
packet header. The 3 -bit address limits the number of 
participants in a piconet to eight. If a particular embodiment 
does not permit the packet header to be enlarged to include 
a wider address field, then a larger number of participants 
could be allowed by implementing a further addressing 
scheme in the payload of the packet. 

The link between units uses a Time Division Duplex 
(TDD) scheme in which a radio transceiver alternately 
transmits and receives. A TDD frame consists of a transmit 
slot and a receive slot. The messages to be transmitted are 
divided into packets. Each TX and RX slot can contain at 
most one TX packet and one RX packet, respectively. 
Consecutive slots use different hops as defined by the virtual 
channel. The virtual channel provides a synchronous link: 
units that share the same virtual channel hop in synchrony 
and strictly adhere to the TDD timing. However, a slot does 
not have to be occupied. If there is no data to be sent, two 
connected units can hop in synchrony without exchanging 
packets. Although the service provided by this link is by its 
nature connection-oriented, each packet contains the link 
address corresponding to the virtual channel. The channel is 
not contention-free. Rather, different virtual channels may 
occasionally use the same hop. Consequently, a recipient 
needs to examine the received link address in order to 
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identify whether the received packet is really his, or whether 
the packet is associated with another virtual channel that, by 
accident, landed on the same receive hop as the one for the 
recipient's virtual channel. The usage of the link address is 
quite important because bursty traffic may result in empty 
slots that may accidentally be filled by other links, and 
because near-far situations may occur in which an interfer- 
ing packet completely wipes out the intended packet. 

Voice transmission is not a problem in this system because 
a synchronous link is provided. If voice is part of the 
information stream, a voice packet will be transmitted every 
TDD frame. Occasional collisions may be overcome by 
recovery techniques at the recipient, or alternatively they 
may be ignored. The latter requires that robust voice coding 
techniques like Continuous Variable Slope Delta (CVSD) 
modulation be applied. 

An Automatic Retransmission Query (ARQ) scheme is 
applied in which the success or failure of a packet in the 
TDD frame is directly informed in the succeeding TDD 
frame. In this way, minimal spectrum is wasted in the ARQ 
Protocol: only failed packets are retransmitted. In addition, 
both latency and overhead are minimized (in the exemplary 
embodiment, the ARQ scheme only requires two bits in the 
packet header). The implementation of the ARQ scheme can 
be done directly in hardware and is preferably located very 
close to the physical layer in the communications protocol. 

The star topology and polling access scheme of the 
present invention are a consequence of the piconet definition 
and the strict timing synchronization in the virtual channel. 
If two slaves need to communicate directly with one another, 
an additional piconet is then created over which the original 
master has no direct control. One of the slaves shifts its TDD 
framing by half a frame. This slave cannot hear the master 
anymore (it acts like a master of the new piconet), and 
neither can the original master hear the slave. Although for 
a piconet, a single (virtual) channel approach is used, 
distributed control is not possible because of the strict timing 
synchronization applied. 

To be able to connect to a unit, it is essential that its 
address be known. In conventional LANs (including con- 
ventional wireless LANs), these addresses are usually 
known to all participants of the LAN. Because all units are 
already connected with each other, the units can simply 
establish links by using the proper addresses when sending 
a message. No connection needs to be established. The unit 
that recognizes its address simply takes the message, while 
all other units discard the message. 

Because the scatter network is established on an ad hoc 
basis, the units do not have prior knowledge of all addresses 
of neighboring units. To solve this problem, and in accor- 
dance with another aspect of the invention, an inquiry 
procedure is provided that enables units to learn of the 
addresses of nearby units. The inquiry procedure is very 
similar to the page procedure. Instead of a page message, an 
inquiry message is transmitted with a high repetition rate in 
different hops. In the exemplary embodiment, the inquiry 
message is a 64-bit code ordering the recipient to reveal its 
unit parameters. Like the address, the inquiry code 
determines, for example, 32 different inquiry hops and an 
inquiry hop sequence. Units that receive an inquiry message 
respond with a single packet including the recipient's 
address, the recipient's system clock, and its class of service 
(e.g., whether the unit is a printer, a laptop computer, a base 
station, and the like). Units may randomly choose a return 
hop in the inquiry hop sequence to avoid collisions. The 
inquiring unit collects all responses, and makes a list of 
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codes and clock offsets of the units that are within range. The 
information can then later be used when a connection is 
desired. Since units are moving, the inquiry procedure may 
be repeated periodically so that the list can be updated when 
5 necessary. 

The above-described process enables a unit to collect all 
of the information necessary for it to establish a piconet with 
units that are within range. However, in some instances a 
unit may want to connect to a unit that is out of range (i.e., 

10 too far away for direct radio communication to take place 
between the units). In accordance with another aspect of the 
invention, this problem is solved by utilizing an intermediate 
unit that is within range of both the source unit and the 
destination unit. In one embodiment, the intermediate unit 
5 acts like a master in a point-to-multipoint configuration, and 
relays information between the two units that cannot connect 
directly. This embodiment is illustrated in FIG. 6a, in which 
two units A and B are out of range. A third unit, unit C, is 
in range of both units A and B, and is used as a master. Units 

2Q A and B are slaves in this single piconet 601. 

In an alternative embodiment, illustrated in FIG. 6b, the 
intermediate unit that is within range of the two other units 
acts as a bridge between the source and destination units. A 
bridge unit is a more complicated unit that is able to connect 

25 to two piconets. As illustrated in FIG. 6b, units A and B, 
which are out of range with respect to one another, partici- 
pate in different piconets 603 and 605. The bridge unit C 
participates in each of these piconets 603 and 605. Because 
the two piconets 603 and 605 are uncoordinated, the bridge 

30 unit C essentially comprises two transceiver units, each 
participating in a different one of the piconet 603 and 605. 
Within the bridge unit C, information is transferred back and 
forth between the two transceivers. Because the bridge C 
uses two virtual channels (two piconets) instead of one, it 

35 provides a higher throughput between the units A and B than 
the point-to -multipoint configuration of FIG. 6a. 

In order to permit bridge configurations to be established 
in a system, a more extensive inquiry process is needed to 
enable each unit to learn the addresses of not only those units 

40 that are within range, but also the addresses of those 
out-of-range units that are within range of accessible bridge 
units. This more extensive inquiry process will be described 
in greater detail below. For the moment, though, it is further 
noted that if a connection is required to a unit that is out of 

45 range, the source unit first establishes a connection to the 
master or bridge unit that is in range of the source unit. Once 
a connection is established, the source unit orders the master 
or bridge to make a further connection to the next bridge or 
to the final destination. Once a master or bridge unit has 

50 made the two connections, it merely relays all incoming user 
information. Control information, however, is dealt with 
separately. 

The use of intermediate units to set up connections 
depends of course on the geographical distances and the 

55 range of a single unit. The range of the unit's radio may be 
limited because this results in a cost-effective implementa- 
tion and low power consumption. Higher power levels 
would result in an increased range and would simplify 
connectivity in the wireless LAN. However, it should be 

60 noted that power levels also affect the capacity of the system 
as a whole. When low power levels are utilized, the limited 
range means that piconets that are separated by a sufficient 
geographical distance will not interfere with each other at all 
because the interference power will be lower than the 

65 receiver sensitivity level. 

Returning now to the inquiry process by which units learn 
of the addresses of other units with which they can 
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communicate, two problems are presented if bridge unit 
capability is to be supported: 

1) If the destination is out of range, how can a source unit 
know of its existence? 

2) How is the address of the destination unit obtained if 5 
this cannot be obtained as a direct result of the source 
unit's inquiry process? 

To solve both problems, the amount of information 
exchanged during an inquiry is increased beyond that which 
was described above. That is, in addition to a unit's own 10 
address and its class of service, a unit receiving an inquiry 
message also provides the inquiring unit with all addresses 
and classes of service of the units the inquired unit can reach. 
This information will have been collected in the inquired 
unit in a previous inquiry procedure carried out by the 15 
inquired unit. In this way, not only are the units in range of 
the inquiring unit determined, but also the units in range of 
these inquired units are determined. The source unit can then 
connect to a destination unit that is out of range via inter- 
mediate bridge units whose addresses can be derived. This 20 
procedure can be repeated, in that an inquired unit not only 
provides its own address list, but also the address lists it 
received from other units which they obtained during their 
own inquiry sessions. In this way, a unit can collect all lists 
identifying all units in the area that have the possibility of 25 
connecting to each other, either directly or indirectly (e.g., 
via bridge units). From the lists, the source unit can classify 
the units according to "connectivity" rings. The units 
belonging to the first connectivity ring can be reached 
directly by the source unit. Units belonging to the second 30 
connectivity ring can only be reached by the considered 
units via a bridge (or other intermediary) unit in the first 
connectivity ring. Units in the third connectivity ring can 
only be reached by applying two bridge units, one in the first 
connectivity ring, and one in the second connectivity ring 35 
(which is in the first connectivity ring of the first bridge 
unit). 

To connect to a destination unit, a source unit investigates 
the address lists with connectivity rings, and uses a tree 
tracking algorithm to determine which units will be used as 40 
bridge units. A connection to the destination is then estab- 
lished by subsequently making a connection first from the 
source unit to the first bridge unit, then from the first bridge 
unit to the second bridge unit, and so on, until the last bridge 
unit connects to the destination unit. 45 

The inquiry procedure will now be illustrated in connec- 
tion with the exemplary configuration shown in FIG. 7. The 
peer units 1, . . . , 10 are shown in a local area. Each unit is 
indicated by a node and number. Potential connections can 
be established between certain units, as shown by the dashed 50 
lines. It can be seen in this example that not all units can 
directly reach each other, for example, unit 9 is in the 
coverage area of, and can therefore connect to, units 2, 8 and 
10, but cannot reach the other units 1, 3, 4, 5, 6 and 7. This 
may be caused by additional propagation losses (radio 55 
shadowing) or other conditions that block a possible radio 
connection. 

When broadcasting an inquiry, unit 9 will get a response 
from units 2, 8 and 10, which will reveal their addresses and 
classes of service. The "first-order" address list in unit 9 is 60 
thus {2, 8, 10}. These are the addresses of the units in the 
first connectivity ring of unit 9. (Of course, unit 9 also 
retains lists of other information, such as classes of service, 
in connection with the nearby units. For the sake of 
simplicity, all of this information will henceforth be referred 65 
to generally as addresses.) In addition to their own address, 
each unit 2, 8, and 10 gives unit 9 its respective first-order 
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address list. These lists will, of course, include the address 
of unit 9 if unit 9 has been in the local area long enough to 
have received and responded to an inquiry from these other 
units. For example, unit 2 will give its first-order address list 
including 1, 3, 6, 7 and 9. With the address list received from 
units 2, 8 and 10, unit 9 can generate a second-order address 
list that includes all units in the first-order lists from the 
other units, not covered in the first-order address list of unit 
9 and excluding unit 9 itself. 

Comparing unit 2's first-order address list {1, 3, 6, 7, 9} 
and unit 9's first-order address list {2, 8, 10}, unit 9's 
second-order address list will at least include units 1, 3, 6 
and 7. By using the first-order address lists of units 8 and 10 
as well, the final second-order address list in unit 9 will read 
{1, 3, 6, 7}. It will be understood that this process can be 
extended to more remote units, that is, units can also give 
their second-order address lists to unit 9, which can then be 
used as the basis for generating a third-order address list, and 
so on. 

This extended inquiry process is illustrated in FIG. 8, in 
which the i-th order address list of an arbitrary unit j is 
indicated as L(i,j). In FIG. 8, only the address lists necessary 
for unit 9 have been considered. Unit 9 has a first-order list 
of L(l,9)={(2, 8, 10}. Units 2, 8 and 10 themselves have 
first-order lists L(l,2), L(l,8), L(l,10) as shown in the 
figure. The lists L(l,2), L(l,8), L(l,10) are supplied to unit 
9 by the respective units 2, 8 and 10 in response to unit 9's 
inquiry. From these lists, unit 9 itself can form a second- 
order list L(2,9) by merging L(l,2), L(l,8) and L(l,10) and 
removing references to itself as well as references to any 
other units that are already included in its own first -order 
list, L(l,9). In this example, this results in the second -order 
list L(2,9)={1, 3, 6, 7}. The units identified in this list cannot 
be reached by unit 9 directly, but can be reached by the use 
of a single bridge unit. Thus, the units listed in L(2,9) form 
the second connectivity ring as seen from unit 9. 

The above -described procedure can be extended still 
further because units 2, 8 and 10 can also derive their 
second-order lists (L(2,2), L(2,8) and L(2,10), respectively) 
and provide these lists to unit 9. After merging and filtering 
these lists, unit 9 can derive a third-order list L(3,9)={4, 5}. 
With the lists as shown in FIG. 8, a connectivity tree can be 
generated that includes the possible connections. The con- 
nectivity tree 901 for the exemplary unit 9 is shown in FIG. 
9. Each node in the connectivity tree 901 represents a 
particular one of the units 1, . . . , 10., and a branch represents 
a possible connection. At the top of the connectivity tree 901 
is the considered unit, which in this example is unit 9. 

The connectivity tree can also be generated by merely 
considering all first-order address lists from all units, and 
following the rule that a higher -numbered connectivity ring 
cannot include units that have already been encountered in 
lower-numbered connectivity rings to exclude loops. 

The above-described extended inquiry technique and the 
connectivity tree, such as the exemplary one shown in FIG. 
9, enable each source unit to find the shortest route (using the 
minimum number of bridge units) to the destination unit. 
However, this technique does not take into account the fact 
that certain units may not be capable of operating as bridges, 
or may currently be busy leaving them without the radio 
resources necessary for relaying information between other 
units. Because they operate on battery power, it is usually 
preferable that portable devices not be used as bridge 
devices. Therefore, the source unit might not be able to use 
the shortest route. In that case, the above-described tech- 
niques provide too little information. 

In order to address this problem, an alternative embodi- 
ment will now be described that makes use of another tree 
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structure. Referring now to FIG. 10, unit 9 is able to utilize 
only first-order address lists to create a second connectivity 
tree 1001. As with the first connectivity tree 901, unit 9 is at 
the top of the connectivity tree 1001. There are three units 
that can be connected to unit 9 directly, namely, units 2, 8 5 
and 10. These units 2, 8 and 10 constitute a first connectivity 
ring 1003. In this discussion, the relationship between a unit 
and the other units to which it can directly connect will be 
referred to as a parent-child relationship. Thus, for example, 
unit 9 is a parent whose children are the units 2, 8 and 10. 1Q 
These children, when considered as parents themselves, 
each have their own children, and so on. 

Each parent knows its children by means of its first-order 
address list. To set up a connectivity tree such as the second 
connectivity tree 1001, it is only necessary to know first- 15 
order address lists. It is desired to reduce the size of the tree 
by removing all unnecessary nodes and branches. To accom- 
plish this reduction, the following rules are applied: 

1) Descendants (e.g., children, grandchildren, great- 
grandchildren, and so on) of a parent cannot have the 2 o 
same name (i.e., unit address) as that parent; 

2) Descendants of a child of a parent cannot have the same 
name as any of the children of that parent; and 

3) Any child of a parent cannot have the same name as any 

of the other children of that parent. 25 
The second connectivity tree 1001 is a result of following 
this rule with respect to the exemplary units depicted in FIG. 
7. For example, consider either occurrence of unit 5 in the 
third connectivity ring 1007. As can be seen from FIG. 7, 
unit 5's first-order connectivity list, L(l,5)={4, 6}. However, 30 
if unit 5 were allowed to have a child unit 4 in the fourth 
connectivity ring 1009, this would violate the second rule, 
because unit 5, as a child of unit 6, also has a sibling (i.e, 
another child of unit 6) identified as unit 4. 

Also, if unit 5 were allowed to have a child unit 6 in the 35 
fourth connectivity ring 1009, this would violate the first 
rule because this child unit 6 would have a grandparent (in 
the second connectivity ring 1005) that is also identified as 
unit 6. 

Thus, the tree cannot be extended at any of the nodes 40 
representing unit 5 in the third connectivity ring 1007. 
However, there are also nodes representing unit 5 in the 
fourth connectivity ring 1009, because their placement did 
not violate any rules. 

The tree is built from first-order connectivity lists and 45 
reduced according to the two rules set forth above until no 
new nodes can be added. At this point, the tree is finished, 
and all available connectivity information is present in the 
considered unit. 

It will be understood that a second connectivity tree 1001 50 
such as the one depicted in FIG. 10 can be generated in a 
considered unit (e.g., unit 9) as soon as that unit has received 
all first-order address lists. To facilitate the collection of this 
information, a unit that receives an inquiry preferably 
responds with not only its own first-order address list, but 55 
also with the first-order address lists of every other node that 
it knows about. It will also be understood that each unit can 
generate a similar tree, with its own unit address at the top. 

It can be seen that of the first, second and third connec- 
tivity rings 903, 905 and 907 of the first connectivity tree 60 
901 (FIG. 9) is identical to the first, second and third 
connectivity rings 1003, 1005 and 1007 of the second 
connectivity tree 1001 (FIG. 10). However, the second 
connectivity tree 1001 differs from the first connectivity tree 
901 in that it has an additional connectivity ring, namely, the 65 
fourth connectivity ring 1009. The reason why this fourth 
connectivity ring 1009 exists in the second connectivity tree 
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1001 (and, therefore, why the second connectivity tree 1001 
contains more information than the first connectivity tree 
901) is because the reduction criteria that were applied to the 
second connectivity tree 1001 were not designed to mini- 
mize the number of connectivity rings. 

As soon as the connectivity tree in a unit is determined, 
the connectivity is known because, for each unit in the tree, 
the address is known and the route to reach it is known. In 
addition, because the class of service for each unit is known, 
the capabilities of all units are completely known. 

To connect to a unit in the tree, the top unit (acting as 
source unit) can select routes downwards in order to connect 
to the destination unit. Different routes can exist. For 
example, suppose that in the example of FIG. 7, unit 9 wants 
to connect to unit 6. Referring now to FIG. 11, it can be seen 
from the second connectivity tree 1001 that there are three 
different routes that may be followed: a first route 1101, a 
second route 1103 and a third route 1105. The route selection 
procedure can be based on any combination of the following 
factors: 

the number of bridge units that have to be used for each 

of the routes 1101, 1103 and 1105; 
whether, for each possible route 1101, 1103 and 1105, the 
intermediate nodes have the capability of functioning 
as a bridge units (i.e., whether the intermediate nodes 
have the capability of relaying the information to be 
exchanged back and forth and an adequate power 
supply for doing so); 
whether, for each possible route 1101, 1103 and 1105, all 
bridge units within the route can provide the data rates 
desired for the connection between the source and 
destination unit; 
whether, for each possible route 1101, 1103 and 1105, 
each of the bridge units currently has radio resources 
available to support the relay function; 
for each possible route 1101, 1103 and 1105, the number 
of branches leaving the bridge units. The more 
branches from a branch unit, the more interference the 
bridge unit can cause to other units. Conversely, the 
fewer branches there are from a bridge unit, the better 
because it will be less interfered by and will produce 
less interference to other units. 
The first condition (i.e., a consideration of the number of 
bridge units in a given route) can be illustrated when 
comparing the first, second and third routes 1101, 1103 and 
1105. The first route 1101 (i.e., 9^2^>6) and the second 
route 1103 (i.e., 9 — >8 — >6) would each require one bridge 
unit, whereas the third route 1105 (i.e., 9^10^1^4^6) 
would require three bridge units. Assuming that each of the 
bridge units in this example can be used as bridge units with 
the proper characteristics, then the first and second routes 
1101 and 1103 should be preferred because of the fewer 
number of required bridge nodes. However, if in addition, 
the number of branches leaving the bridge units is important, 
then the second route 1103 is preferable to the first route 
1101 because bridge unit 8 will produce less interference 
than bridge unit 2. (This conclusion is reached by consid- 
ering the fact that four branches leave bridge unit 2 com- 
pared to only two branches leaving bridge unit 8.) 

If, however, units 2 and 8 are portable units, are busy, or 
cannot relay information, then the only route left is the third 
route 1105. Note that this alternative route does not exist in 
the first connectivity tree 901, which was reduced using the 
criterion of a minimal number of bridges. 

Assuming that the second route 1103 is selected, the 
connection may be established by unit 9 first connecting to 



US 6,590 ; 

19 

unit 8 with a request for unit 8 to act as a bridge unit and to 
establish a bridge connection to unit 6. Unit 8 will then 
establish a connection to unit 6, and then link the two 
connections to units 6 and 9 to provide the second route 1103 
(i.e., 9^*8^6). 5 

A self-organized wireless LAN (WLAN) technology has 
been described. As with the standard WLANS, the inventive 
self-organized WLAN system can make use of a wired LAN 
to which the individual wireless units form wireless exten- 
sions. The desirability of this approach depends on the 10 
particular application. In low-cost applications where no 
LAN exists yet (e.g., residential applications), the self- 
organized WLAN's plug-and-play scenario with a complete 
wireless connectivity may be more advantageous than rely- 
ing on a wired backbone. Both extended range and capacity 15 
can be simply obtained by disposing more bridge units at 
strategic positions. When the wireless units hit a low target 
price, this will be a cheaper approach than using a wired 
backbone. A wired backbone would require a complete extra 
LAN with all its protocols and hardware. Even if a cheap 20 
medium like the power supply lines or TV cables are used, 
the infrastructure required to run information through this 
medium would still remain. There will always be a need for 
a converting unit to bridge between the wired LAN and the 
wireless LAN domain. This converting bridge unit will 25 
probably not be cheaper than a purely wireless bridge 
provided by two wireless transceivers. 

Another issue is the wireless extension to an existing 
wired LAN. One or several wireless units can act as fixed 
parts within a WLAN. Each fixed wireless unit can set up a 30 
piconet and can then act as a master. (Note that several 
wireless units can be co-located in the same fixed part.) The 
protocols for the wireless units will only be valid for the 
lower-level communications. Any wired LAN protocols to 
be extended to the portable unit should be handled at higher 35 
levels; that is the wireless portion of the LAN should be 
transparent to them. In addition to connections to the fixed 
points, the portable wireless units in range can always 
establish an ad-hoc piconet among themselves. This off- 
loads the wired LANs and increases capacity because an 40 
intermediary (i.e. the fixed part) is not required if a connec- 
tion can be established directly. 

An exemplary system for carrying out the various inven- 
tive features will now be described with reference to FIG. 
12. Two wireless units are shown: a first unit, designated as 45 
a master unit 1201; and a second unit, designated as a slave 
unit 1203. Each of these units is shown as comprising only 
those means for carrying out the indicated functions asso- 
ciated with the respective roles of "master" and "slave." It 
will be recognized, however, that the allocation of roles as 50 
exclusively master and exclusively slave is done here merely 
to facilitate the discussion about the invention, and that the 
invention encompasses those units that include all of the 
necessary components for acting as both master and slave. 
It is further noted that only those components that are 55 
directly related to the invention are illustrated. However, 
those skilled in the art will recognize that each of the master 
and slave units 1201, 1203 includes additional components, 
such as transceivers and the like, which are well-known and 
which are necessary for carrying out the wireless commu- 60 
nication aspects of the invention. 

Associated with the master unit 1201 is a master address 
1205, which is a code that uniquely identifies this unit in the 
system. The master unit 1201 also includes a master clock 
1207. 65 

In order to be able to establish connections, it is necessary 
for the master unit 1201 to know the addresses of the other 
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units with which a connection can be established. To per- 
form this function, the master unit 1201 includes an inquiry 
means 1209 that operates as means for sending out inquiry 
messages as described above. The inquiry means 1209 also 
collects the responses (address and topology information 
1211) and organizes it in accordance with the connectivity 
tree techniques described above. 

The slave unit 1203 is similarly associated with a slave 
address 1213, and similarly includes a slave clock 1215 
which need not be synchronized with the master unit 1201. 
In order to be able to respond to inquiries from the master 
unit 1201, the slave unit includes an inquiry response means 
1217 whose job is to recognize received inquiries, and to 
generate and transmit an appropriate response back to the 
master unit 1201. As indicated earlier, the response may 
comprise not only the slave address 1213, but also other 
information such as the slaveys class of service, and the 
slave's present clock reading. 

In order to enable the master unit 1201 to establish a 
connection with the slave unit 1203, it is further provided 
with a paging means 1219 that sends out a page message as 
described above. The page message includes the slave 
address, which information is obtained from the inquiry 
means 1209. (Of course, if the topology requires that the 
connection be established through a bridge node (not 
shown), the page message would include the address of the 
bridge node. In one embodiment, the page message may also 
include a request to establish a connection with the slave unit 
1203. In an alternative embodiment, the page message 
serves only to establish a connection with the bridge node. 
After the bridge node connection is established, the master 
unit 1201 then issues a request for the bridge to establish a 
connection with the slave unit 1203.) 

When not in use, the slave unit 1203 is preferably in a 
standby mode. Accordingly, a wake -up means 1221 is 
provided in the slave unit 1203. The wake-up means 1221 
includes a timer 1223 which causes the slave unit 1203 to 
wake up periodically to determine whether a received page 
message is intended for this slave unit 1203. An address 
compare unit 1225 is provided for this purpose. If the slave 
address 1213 matches the received page address, then 
response means 1227 within the wake-up means 1221 
generates and transmits an appropriate response back to the 
master unit 1201. 

One aspect of the present invention is the fact that both the 
master unit 1201 and the slave unit 1203 utilize a frequency 
hopping communication system. As a consequence of this, 
the slave unit 1203 wakes up in any one of a number of 
predetermined paging hop frequencies. Because the master 
unit 1201 does not know exactly in which hop frequency the 
slave unit 1203 will awaken, it retransmits the page message 
with a high repetition rate in different hops. It uses the 
wake-up hops and the wake-hop sequence of the recipient, 
and tries to reach the recipient by sending the page message 
at as many different hops as possible. The sequence of 
wake -up hops is generated by a paging channel generator 
1229 within the paging means 1219. A preferred technique 
for accessing a unit that is in standby mode is more fully 
described in the above -referenced U.S. patent application 
Ser. No. 08/771,692, entitled "Access Technique of Channel 
Hopping Communications System" and filed on Dec. 23, 
1996 in the name of Haartsen et al. 

Once a connection has been established, the master unit 
1201 conveys its master address 1205 and master clock 1207 
to the slave unit 1203. The master address 1205 and master 
clock 1207 are then used to define the virtual frequency 
hopping channel that will be used in communications 
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between the master unit 1201 and the slave unit 1203. In the 
master unit 1201, master communication means include a 
channel select unit 1231 that generates the hop frequencies 
at appropriate times, based on the master address 1205 
(which determines the hop sequence) and the master clock 5 
1207 (which determines the phase within the hop sequence). 

In the slave unit 1203, a channel select unit 1235 is 
similarly included within slave communications means 1233 
in order to generate the hop frequencies at appropriate times, 
based on the master address (which determines the hop 
sequence) and the master clock 1207. In a preferred 
embodiment, it is unnecessary for the slave unit 1203 to 
reset its slave clock 1215 to match that of the master unit 
1201. Instead, when the master clock 1207 is first received 
by the slave unit 1203, the difference between the master 
clock 1207 and the slave clock 1215 is determined and 15 
stored. Then, whenever a current master clock value is 
needed within the slave unit 1203, it is calculated based on 
the stored difference and the current slave clock 1215. 

In order to accommodate the possibility that more than 
one slave unit 1203 may be connected to the same master 20 
unit 1201, the slave unit 1203 further includes a second 
address compare unit 1237. As mentioned earlier, each 
communication in the piconet includes the address of the 
intended recipient. Thus, the purpose of the second address 
compare unit 1237 is to compare a received destination 25 
address with the slave unit's own slave address 1213 to 
determine whether it is the intended recipient of a received 
communication. 

The invention has been described with reference to a 
particular embodiment. However, it will be readily apparent 30 
to those skilled in the art that it is possible to embody the 
invention in specific forms other than those of the preferred 
embodiment described above. This may be done without 
departing from the spirit of the invention. The preferred 
embodiment is merely illustrative and should not be con- 35 
sidered restrictive in any way. The scope of the invention is 
given by the appended claims, rather than the preceding 
description, and all variations and equivalents which fall 
within the range of the claims are intended to be embraced 
therein. 40 

What is claimed is: 

1. A wireless network comprising: 
a master unit; and 

a slave unit, 

wherein the master unit comprises: 

means for sending a master address to the slave unit; 
means for sending a master clock to the slave unit; and 
means for communicating with the slave unit by means 
of a virtual frequency hopping channel; 50 
wherein the slave unit comprises: 

means for receiving the master address from the master 
unit; 

means for receiving the master clock from the master 
unit; and 55 

means for communicating with the master unit by 
means of the virtual frequency hopping channel; and 
wherein: 

a hopping sequence of the virtual frequency hopping 
channel is a function of the master address, and the 60 
master address is a unique unit identifying address; 
and 

a phase of the hopping sequence is a function of the 
master clock. 

2. The wireless network of claim 1, wherein: 65 
the master unit further comprises means for transmitting 

an inquiry message that solicits a slave address from 
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the slave unit, wherein the slave address is a unique unit 
identifying address; and 
the slave unit further comprises: 

means for receiving the inquiry message; and 
means, responsive to the inquiry message, for trans- 
mitting the slave address to the master unit. 

3. The wireless network of claim 2, wherein the master 
unit further comprises: 

means for receiving slave address and topology informa- 
tion from more than one slave unit; and 

means for generating a configuration tree from the address 
and topology information. 

4. The wireless network of claim 3, wherein the master 
unit further includes means for utilizing the configuration 
tree to determine a route for a connection between the master 
unit and the slave unit. 

5. The wireless network of claim 3, wherein: 

the slave address and topology information comprises an 
own address from each of the more than one slave units 
and only first order address lists from each of the more 
than one slave units; and 
the means for generating the configuration tree from the 
address and topology information comprises: 
means for generating n connectivity rings from the first 
order address lists, wherein n is a positive integer, 
and wherein the generating means generates each of 
the connectivity rings in accordance with a rule that 
a higher-numbered connectivity ring cannot include 
nodes representing units that are already represented 
by a node in a lower-numbered connectivity ring. 

6. The wireless network of claim 3, wherein: 

the slave address and topology information comprises an 
own address from each of the more than one slave units 
and only first order address lists from each of the more 
than one slave units; and 
the means for generating the configuration tree from the 
address and topology information comprises: 
means for generating n connectivity rings from the first 
order address lists, wherein n is a positive integer, 
and wherein the generating means generates each of 
the connectivity rings by considering a present num- 
bered connectivity ring having parent nodes, and 
including in a next higher-numbered connectivity 
ring those nodes representing all children of the 
parent nodes that satisfy the following rules: 
no descendant of a parent can represent the same unit 

as is represented by the parent; 
no descendant of a child of the parent can represent 
the same unit as any of the children of the parent; 
and 

no child of any parent can have the same name as any 
other child of said any parent. 

7. A method for generating a connectivity tree for use in 
determining a connection route between a first wireless unit 
and any of a number of other wireless units, the method 
comprising the steps of: 

in the first wireless unit, receiving address and topology 
information from each of the other wireless units, 
wherein the address and topology information com- 
prises an own address from each of the other wireless 
units and only first order address lists from each of the 
other wireless units; and 

in the first wireless unit, generating n connectivity rings 
from the first order address lists, wherein n is a positive 
integer, and wherein each of the connectivity rings is 
generated in accordance with a rule that a higher- 
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numbered connectivity ring cannot include nodes rep- 
resenting units that are already represented by a node in 
a lower-numbered connectivity ring. 

8. A method for generating a connectivity tree for use in 
determining a connection route between a first wireless unit 5 
and any of a number of other wireless units, the method 
comprising the steps of: 

in the first wireless unit, receiving address and topology 
information from each of the other wireless units, 
wherein the address and topology information com- 10 
prises an own address from each of the other wireless 
units and only first order address lists from each of the 
other wireless units; and 

in the first wireless unit, generating n connectivity rings 
from the first order address lists, wherein n is a positive 15 
integer, and wherein each of the connectivity rings is 
generated by considering a present numbered connec- 
tivity ring having parent nodes, and including in a next 
higher-numbered connectivity ring those nodes repre- 
senting all children of the parent nodes that satisfy the 20 
following rules: 

no descendant of a parent can represent the same unit 

as is represented by the parent; 
no descendant of a child of the parent can represent the 

same unit as any of the children of the parent; and 25 
no child of any parent can have the same name as any 

other child of said any parent. 

9. A wireless network having a scatter topology, the 
wireless network comprising: 

a first master unit; 30 
a second master unit; 
a first slave unit; and 
a second slave unit, 

wherein the first master unit comprises: 35 
means for sending a first master address to the first 
slave unit; 

means for sending a first master clock to the first slave 
unit; and 

means for communicating with the first slave unit by 4Q 

means of a first virtual frequency hopping channel; 
wherein the first slave unit comprises: 

means for receiving the first master address from the 

first master unit; 
means for receiving the first master clock from the first 45 

master unit; and 
means for communicating with the first master unit by 

means of the first virtual frequency hopping channel; 
wherein the second master unit comprises: 

means for sending a second master address to the 50 

second slave unit; 
means for sending a second master clock to the second 

slave unit; 

means for communicating with the second slave unit by 
means of a second virtual frequency hopping chan- 55 
nel; 

wherein the second slave unit comprises: 

means for receiving the second master address from the 

second master unit; 
means for receiving the second master clock from the 60 

second master unit; and 
means for communicating with the second master unit 

by means of the first virtual frequency hopping 

channel; and 

wherein: 65 
a first hopping sequence of the first virtual frequency 
hopping channel is a function of the first master 



address, and the first master address is a unique unit 
identifying address; 

a phase of the first hopping sequence is a function of the 
first master clock; 

a second hopping sequence of the second virtual fre- 
quency hopping channel is a function of the second 
master address; 

a phase of the second sequence is a function of the 
second master clock; 

the first master clock is uncoordinated with the second 
master clock; and 

the first virtual frequency hopping channel uses the 
same radio spectrum as the second virtual frequency 
hopping channel, 

whereby the first virtual frequency hopping channel is 
different from the second virtual frequency hopping 
channel, thereby permitting communication between 
the first master unit and the first slave unit to take 
place without substantially interfering with commu- 
nication between the second master unit and the 
second slave unit. 

10. The wireless network of claim 9, wherein: 

each of the first and second master units further comprises 
means for transmitting an inquiry message that solicits 
a slave address from the first and second slave units; 
and 

each of the first and second slave units further comprises: 
means for receiving the inquiry message; and 
means, responsive to the inquiry message, for trans- 
mitting the slave address to the first and second 
master units. 

11. The wireless network of claim 10, wherein each of the 
first and second master units further comprises: 

means for receiving slave address and topology informa- 
tion from more than one slave unit; and 

means for generating a configuration tree from the address 
and topology information. 

12. The wireless network of claim 11, wherein each of the 
first and second master units further includes means for 
utilizing the configuration tree to determine a route for a 
connection between the first and second master unit and the 
respective first and second slave units. 

13. The wireless network of claim 11, wherein: 

the slave address and topology information comprises an 
own address from each of the more than one slave units 
and only first order address lists from each of the more 
than one slave units; and 
the means for generating the configuration tree from the 
address and topology information comprises: 
means for generating n connectivity rings from the first 
order address lists, wherein n is a positive integer, 
and wherein the generating means generates each of 
the connectivity rings in accordance with a rule that 
a higher-numbered connectivity ring cannot include 
nodes representing units that are already represented 
by a node in a lower- numbered connectivity ring. 

14. The wireless network of claim 11, wherein: 

the slave address and topology information comprises an 
own address from each of the more than one slave units 
and only first order address lists from each of the more 
than one slave units; and 
the means for generating the configuration tree from the 
address and topology information comprises: 
means for generating n connectivity rings from the first 
order address lists, wherein n is a positive integer, 
and wherein the generating means generates each of 
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the connectivity rings by considering a present num- 
bered connectivity ring having parent nodes, and 
including in a next higher-numbered connectivity 
ring those nodes representing all children of the 
parent nodes that satisfy the following rules: 5 
no descendant of a parent can represent the same unit 

as is represented by the parent; 
no descendant of a child of the parent can represent 

the same unit as any of the children of the parent; 

and 10 
no child of any parent can have the same name as any 

other child of said any parent. 

15. The network of claim 1, wherein the unique unit 
identifying address is 64 bits long. 

16. The network of claim 1, wherein the virtual frequency 15 
hopping channel is includes 79 hops of 1 MHZ width. 

17. The network of claim 1, wherein only one packet is 
transmitted between the master unit and slave unit per 
frequency hop. 

18. The network of claim 1, wherein packets transmitted 20 
from the master unit and from the slave unit include the 
master unit's unique unit identifying address. 

19. The network of claim 1, wherein the network further 
comprises: 

another slave unit, wherein the slave unit and the another 25 
slave unit can communicate with each other over the 
frequency hopping channel only through the master 
unit. 

20. The network of claim 19, wherein the slave and the 
another slave each have a unique unit identifying address 30 
and the slave and the another slave is identified in the 
network by a member address. 

21. The network of claim 20, wherein the member address 
is a three bit address. 

22. The network of claim 1, wherein the virtual frequency 35 
hopping channel includes a plurality of time division duplex 
frames, each time division duplex frame consisting of a 
transmit slot and a receive slot. 

23. The network of claim 1, wherein the slave examines 
each received packet to determine whether the packet 40 
includes the master node's unique unit identifying address. 

24. The network of claim 1, wherein the network imple- 
ments an automatic retransmission query (ARQ) scheme for 
transmitted packets. 
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25. The network of claim 24, wherein the success or 
failure of a packet in a frame is indicated in a succeeding 
frame. 

26. The network of claim 19, wherein if the slave unit and 
the another slave unit need to communicate directly with one 
another, the slave unit and the another slave unit commu- 
nicate over another virtual frequency hopping sequence, 
wherein the hop sequence of the another virtual frequency 
hopping sequence is a function of an address of the slave 
unit or the another slave unit, and the phase of the hopping 
sequence is a function of the clock of the slave unit or the 
another slave unit. 

27. The network of claim 1, wherein the slave unit does 
not reset its clock to correspond to the master clock. 

28. A wireless network comprising: 
a master unit; and 
a slave unit, 

wherein the master unit comprises: 

means for sending a master address to the slave unit; 
means for sending a master clock to the slave unit; 
means for communicating with the slave unit by means 

of a virtual frequency hopping channel; 
means for transmitting an inquiry message that solicits 

the slave address from the slave unit; and 
means for transmitting a page message that includes a 
request to establish a connection with the slave unit; 
wherein the slave unit comprises: 

means for receiving the master address from the master 
unit; 

means for receiving the master clock from the master 
unit; 

means for communicating with the master unit by 

means of the virtual frequency hopping channel; 
means for receiving the inquiry message; 
means, responsive to the inquiry message, for trans- 
mitting the slave address to the master unit; and 
wherein: 

a hopping sequence of the virtual frequency hopping 

channel is a function of the master address; and 
a phase of the hopping sequence is a function of the 
master clock. 



